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AGCARAAGCAGGGTGACARARARCATAATGGATCCARACACTETETCARGT 50
TTTCAGETAAGTATCTTTCT T TGECGTGTCCGCAARCGATAATGTACAGS 100
ATGCAACTCCTGTICTTGCATTGCACTAACTC T TGCACTTGTCACARACRG 150
TGCACCTACTTCTTCGTCGACARAGARARCACAGC TACARCTGGAGCATT 200
TACTGCTGGATTTRACAGATGATTTTGAATGCGAAT TAATARTTACARGARLT 250
CCCARACTCACCAGGAT SCTCACATTTAAGTTTTACATGCCCARGAAGEC 300
CACAGRACTGRAACATCTTCAGZTGTCTAGAAGARGAACTCARACCTCTGS 350
AGGARAGTGCTARATTTAGCTCAARGCRAAARACTTTCACTTARGACCCAGS 400
GACTTAATCAGCAATATCAACGTAATAGTTCT GCAACTARALAGSCGATCTGA 4150
AACARCATTCATGTGTGAATATGCTGATGAGACAGCAACCATTGTAGAAT 500
TTCTGRACAGATGGATTACCTTTTGTCAAAGCATCATCTCARCACTARCT 530
TCATAAZCAAGCAGARACTCGCAGGCCCTCTTITGTATCAGAATGCACCAG oo
GCGATCATGGATAAGAACATCATACTGAAAGCGAACTTCAGT GTCATTTT @650
TEACCGGECTGGAGACTCTAATATTGCTAAGGGCTTTCACCGRAAGAGGGAG 700
CAATTGTTGGCGAAATTTCACCATTGCCTTCTCTTCCAGGACATACTGCT 750
GAGGATGTCARARATGCAGTTGGAGTCCTCATCGGEEGACT T GAATGGAA 800
TGATAAZACAGTTCGAGTCTCTGAAACTCTACAGAGATTCGCTT GGAGRAA 850
GCAGTAATGAGAATGGCGAGACCTCCACTCACTCCARRACAGAAACGAGRA 800
ATGGCGEEEAACAATTAGSTCAGAAGTTTGAAGRAATAAGATGGTTGATTG 950
AAGARGT GAGACACARACTGAAGATAACAGAGRATAGTTTTGAGTARATA 1000
ACATTTATGCARGCCTTACATCTAT TGCTTGARGT GGAGCAAGAGATARG 1050
ARCTTTZ2TCOSGTTTCRAGCTTATTTAATAATAAARAACACTCTTGTTTCTAC 1100
1 1101

Figure 1a
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AGCARAAGCAGGGTGACAAARACATAATGGATCCAARCACTETGTCARGT 50
TTTCAGGTAAGTATCTTITCTT TGCCGETGTCCGCAARACGATAATGTACAGG 100
ATGCAACTCCTGTCTIGCATTECACTAAGTCTTGCACTTGTCACAARACAL 150
TECACCTACTTCTTCHTCGACARAGRAARACACAGC TACAACTGGAGCATT 200
TACTGCOTGGAT TTACAGRATGATTTTGAATGGAAT T AATAATTACAAGAAT 250
CCCAAACTCACCAGHATGCTCACATTTAAGTTTTACATGCCCAAGARAGHC 300
CACAGAACTGAARCATCTTCACGTGTCTAGAAGAAGAACTCAAACCTCTGE 350
AGGAAGTGCTAAATTTAGCTCARAGEAAARACT T T CACTTAAGACCCAGG 400
CGACTTAATCAGCAATATCAACGTAATAGTTCTGCGALACTAARGGGATCTGA 450
ARCAACATTCATGTGTGRATATGC TGAT GAGACAGCAACCATTGTAGRAT 500
TTCTGAACAGATGGATTACCTTTT GTCAAAGCATCATCTCAACACTAACT 550
TGATAACCAAGCAGAAAGCTGLTACTAACCTTCTTCTCTITCTTCTOCTGA Qo0
CAGGACATACTGCTGAGGATGTCAARAATGCAGT GGAGTCCTCATCGGE 650
CEACTTGAATGERATGATAACACAGTTICGAGTCTOTGARACTCTACAGAG 700
ATTOGOTTGGAGARAGCAGTARTGAGRATGGGAGACCTCOAC TCACTCCAR 750
AACAGAARCGAGARATGECGEEAACAATTAGGTCAGARAGT T TGAAGARAT 200
AAGATGETTGATTGARGAAGT GAGACACAARCTGAAGATARCAGAGARTA 850
CTTTTGAGCAAATAACATTTATGC AAGCCTTACATCTATTGCTTGAAGT = 500
CAGCAAGAGATAAGAACTITCTCETTTCAGCTTATTTAATAATARAMAAC 850
ACCCTTGTTTCTACT 9ab

Figure 1b
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AGCARARRAGCAGGHGTGACAARRACATAATGGATCCARRCACTGT ZTCARGT 50
TTTCAGGTAAGTTCCT GOTTTGLETACTGU TGO CTGEGEGT TCUAGGTTIC 100
CARCTGETGCACCTACTTCT TCETC GACARAGAARACACAGC TATAACT G 150
AGCATTTACTGCTGGAT TTACAGATGATTT TGAATGGAATTAATAATTAC 200
ARGAATCCCRAACTCACCAGGAT CCTCACATTTAAGT TTTACAT GIC RS 250
CAAGGCCACAGALACTCAAACATCT TCAGTGTCT AGAAGAAGAAZ TCARLC 300
CTCTGGAGGAAGTGCTARATT TAGCTCARAGCARARRCTTTCACTTARCA 350
CCCAGGGACT TAATCAGCAATATCRACGTAATAG TCTGERACTAARGEG 400
ATCTGAAACARACATTCATGTGTGARTATGCTGATGAGACRAGCAACCATIG 450
TAGAATTTCTGRACAGATGGATTACCTTTTGTCAAAGCATCATO TCARCA 500
CTAACTTGATAACCARAGCAGRARGTGETACTRAACC T TCTTCTCTITTC TTC 550
TCCTGACAGGACATACT GCT GAGCATGTCAAAALA ' GCAGTTGCGAGTCCTC oo
ATCGGGEGACTTGAATGGAAT CATARACACAGTTCGAGTCTC TGAAACTCT 650
ACAGAGATTCGCTTGCGAGARGCAGTAAT GAGARAT GGCGAGACCTCCACTCA 700
CTCCAAAACAGAAACGAGAAATGCECOGEOAACAAT TAGGTCAGAAGCTTTCA T50
AGAAATAAGATGGETTGATTGRRAGARGT GAGACACARAACTGRAGATARCAG 300
AGARTAGTTTTGAGCAAATAACATTTATGCAAGCCTTACATCTATTGCTT 850
GAAGTGCAGCAAGAGATARGARCTTTCTCGTTTCAGCTTATTTARATARTA 200
ARAMACACCCTTGTTTCTACT 821

Figure 1c
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AGCARAAGCAGEGTGACAAARRCATAATGGATCCARRCACTETGTCARGT 50
TTTCAGGTAGATTGCTT TCTTITOGCGT GTCOGCAARCGATAATGTACAG 100
ATGCAACTCOTGTCTTGCATT GCACTAAGTCTTGCACTTGTCATCAAACA: 150
TCCACCTACTTCTTCGTICGACARAGAMAANCACAGOC TACAACTGGAGCATT 200
TACTGCTGEATTTACAGATGATT T TGAATGGAAT T ARTAATTACAAGRAT 250
CCCAARACTCACCAGGATGUTCACATTTARGTTTTACATGCCCAAGAAGGC 300
CACAGANCTGAAACATCTTCAGTGTCTACGAACGARGARCTCAAACCTCTCG 350
AGCARCTGUTAAAT TTAGUTCAAAGCAAMANC T T CACTTAAGACOCAGG 400
GACTTAATCAGCAATATCAACGCTAATAGTTCTGEARC TARAGGGATCTGA 450
ARCAACATTCATGTGTGARAATRATGC TGATGAGRACAGCAACCATTGTAGRAT 500
TTCTGAACAGATGGATTACCTTTT GTCARAGCATCATCTCARACACTAACT 550
TGATAACCARGCAGAARAGTGGTACTAACCTTCTTCTCTTTCTTCTCCTEA a0
CRAGGACATACTGCTGAGGATGTCARAAATGCAGT " GGAGT CCTCATC GGG 650
GGACTTGAATGGARTGATARCACAGTTCGASTC TCTGARACT ZTACAGAG 700
ATTCECTTEGAGAAGCAGTAATGAGAAT GCCAGACCTCCAU TCACTCCAA T50
ARCAGRAACGAGARATGECGEGRACARTTAGGTCAGRAGTTTGAAGARAT 500
APGATCETTGATTGAAGAAGT CACACACAPACT GARGATARCAGAGARTA 850
GTTTTGAGZAAATAACATTTATGC AAGCCTTACATCTATTGCTTGAAGTG 200
GAGCAAGAGATAAGAACT TTCTCGTTTCAGCTTAT T TAGTACTARRAALAC 450
ACCCTTGETTTCTACT 265

Figure 1d
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AGCARAAGCAGGGTGACAAAARACATAATGGATCCARACACTGTEGTCAAGC 50
TTTCAGGTATTTGCCCTGCTTTGGGTACTGOUTGCTCTGGET TCCAGGTTC 100
CACTGCTGCACCTACTTCTTCCTCGACAANGARAACACACCTACAACTGG 150
AGCATTTACTGCTGGAT TTACAGATGATTITTGAATGCGAATTAATAATTAC 200
APGAATCCCARRACTCACCAGEATGCTCACATTTAASTTTTACATGCCCAR 250
GAAGGCCACAGRACTGAAACATCTTCAGTGCTAGAAGAAGAACTCAAAT 300
CTCTGGAGGAAGTGCTAAATTTAGCTCAAAGCRAAARACTTTCACTTAAGR 350
CCCAGGGACTTAATCAGCAATATCARCGTAATAGTTCTGGARCTARAGGE 400
ATCTGARACAACATTCATGTGTGARATATGCTGATGAGACAGCAACCATTG 450
TAGAATTTCTGAACACGATGGATTACCTTTTGTCARAGCATCATCTCAACA 500
CTAACTTGATAACCAAGCAGAAAGTGGTACTAACCTTCTTCTCTTTCTTC 550
TCCTGACAGGACATACTGCTGAGGATGTCAAARAT GCAGT T GGAGTCCTC =00
ATCGGCEGEGACT TGAATGGAATGATAACACAGTTICGAGTCTC TGAAACTCT 650
ACAGAGATTCGCTTGGAGAAGCAGTAATGAGAATGGCGAGACCTCCACTCA 700
CTCCAARACAGARACGAGAAATGECGEGAACAATTAGGTCAGAAGTTTGA 750
AGAARATARGATGCTTGATTGAAGARAGT GAGACACARACTAAGATARACA 500
AGARATAGTTTTGAGCAAATAACATTTATGCAAGCCTTACATCTATTGCTT 850
GAAGTGGAGCARGAGATAAGAACTTTCTCGTTTCAGCTTATTTAATAATA 00
AAAARACACCCTTGTTTCTACT 921

Figure 1e
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AGCAAAAGCAGGETGACAAAAACATAATGGATCCARAACACTETETCAAGC 50
TTTCAGGTAAGTATCTTTCTT TGO GTGTCCGCARARCGATRAGCCGZCAT 100
CATGTACACGATECAACTCCTCETCTTGZATTGCACTRAGTCTTGCACTTG 150
TCAZAAACAGTCCACCTACTTCTTCGTCGACARAGARARCACAGCTACAR 200
CTGGAGCATTTRACTGCTGGATTTACAGATGATT TT SAATGGAATTAATAR 250
TTACAAGARATCCCAARCTCACCAGGATGCTCACAT TTAACGTTTTACAT SC 300
CCAAGAAGCCCACAGAACTGARRACATCTTCAGTGTOTAGARAGAAGAACTC 350
ARAZCTCTGEAGCGARGTGCTARATTTAGCTCARAGCAAANACTTTCACTT 400
ARGRACCCAGGGRCTTAATCAGCAATATCAARCCGTRATAGTTCTGGAACTAA 450
AGGGATCTGAAACARCATTICATGTGTGAATATGCT GATGAGACAGCAACT 500
ATTGTAGAATTTCT GAACAGATGGATTACC " TTTGICARAGCATCATCTC 530
AACACTAACTTGATAACCAACCAGAARGTGETACTAACCTTCTTOTCTIT 600
CTTCTCCTGACRGGACATACTCCTGAGGATGTCARAARATGCAGT TGGASGT &30
CCTZATCGEAGEACTTGAATGGAAT GATAACACAGTTCGAGTCTCTGARR 700
CTCTACAGAGATTCGCT T GCAGAAGCAGTAATGAGAAT GGGAGACCTCCA 150
CTCACTCCARAACAGAAACGAGAARATCGGCGGGAACAATTAZGT CAGRA ST 800
TTGAAGAAATARCATCCTTGATT GAAGAAGT GAGACACARACT GAAGATA 850
ACAGRAGARTAGTTTTGAGCARAATAACATTTATCCARGCCTTACATCTATT 00
GCTTGAAGTGCGAGCAAGCAGATAAGAACTTTCTCGT I'TCAGC TTATTTAST 950
ACTARARARPMCACCCTTGTTTCTACT 575

Figure 1f
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AGCAAAAGCAGGGTGACAAAGACATAATGGATCCRRACACTGTGTCAAGT 50
TTTCAGGTATTTGCCCTCCTGTGEETGCTGCTGCTGTGEGETGCCCCETAG 100
CCACGGCAACTGGGTGRACGTGATCAGCGACCTGARAGARAGATCGAGGACC 150
TGATCCAGAGCATGCACATCGACGCCACCCTGTACACCCAGAGCGRCGTG 200
CRCCCCAGCTHCARAGGTGACCEICATGAAGTGCTTTC TGCTGEAACTGUA 250
GETGATCAGICTGEARAAGT GECGACGICAGTAT CC AT GACACCGET GGAGA 300
ACCTGATCATCCTGGCCRAACAACAGCCTGAGCAGCRACGGCAAC GTGACT 350
GAGAGTGGCTGCARAGRGTGCGAGGAAC TGGARGAGAMGAACATCARNGA 400
GITTCTGCAGAGCTTCGTGCACATCGTGCAGATGTTCATCAACACCAGCT 450
GATGACCAAGCAGAAAGTGGTACTAACCTTCTTCTCTTTCTTCTCCTGAC 500
AGGACATACTGUTGAGGATGTCAARAAT GCAGT TGCGAGTCCTCATCUGEE 550
GACTTGAATGGAATGATAACACAGTTCGAGTCTUT GAARCTCTACAGAGA 00
TTCGCTTGEAGAAGCAGTARTGAGAATGGGAGACCTCCACTCACTOCARA 650
ACAGPAACGACAANTGLOCCCAACAATTAGCTCACAAGTT TGAAGAANTA 700
ACGATCCTTCATTGAAGAACTCGAGRCACAAPAC TCANGATAMCAGAGAATAG 750
TTTTGAGCAAATAACATTTATGCAAGCCTTACATCTATTGCTTGANGT GO 800
AGCAAGAGATAAGAACTTTCTCGTTTCAGCTTAT T TAATAATAARRARCA 550
CCCTTGTTTCTACT Bod

Figure 19
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AGCAAMAGCAGGGTGACAAAGACATAATGCGATCCAANCACTSTGTCARGC 50
TTTCAGGTATTTGCCCTGCTGTCCGTCC TG TCC T CT GGG TG CCAGAAG 100
CCACGGAGCCCITGICAGARAGCCCCAGCCCC TCCACCCAGCCCT GEGRGC 150
ACGTGAACGCCAT ZCAGGAAGUCAGGCGLEC TG TGAACCTCGAGCCGLEAC 200
ACAGCCGCCGAGATGAACGAGACCGTCGCAGGTGAT CAGCGAGATGTTCGA 250
CCTCCAGGAACCCACCT GCCTGCAGACCCGECTGGAACTGTACARGCAGS 300
GCCTGCGEEEGCAGCCTGACCRAGC TGAAGGGUCCCCTGACCATGATGGCC 350
ACCCACTACRAGCAGCACTGCCCCCOCACCCCCCGAGACCAGCTGCGCCAC 400
CCAGATCATCACCTTCGAGAGCTTCAAAGAGAACC TCAAGGACTTCCTGC 450
TGETGATCCCCTTZGACTGCT GGGAGCCCGTGCAGGAATGATGACCAAGC 500
AGAAAGTGGTACTAACCTTCTTCTCTTTCTTCTCCTGACAGGACATACTG 550
CTGAGGATGTCAARAAT GCAGTTCGGAGTCCTCATCGEEGGACTTGAATCEG c00
ARTGATAACACAGTTCGAGTCTCTGARAACTCTACAGAGATTCGCTTGGAG e50
ARGCAGTAATGAGAATGGGAGACC TCCACTCAC TCCAARAACAGAANCGAG TO0
AAATGCECGEGAACRAATTAGETCAGRAGT TTGAAGARATAAGAT GETTGAT 750
TCAAGAAGTGCAGAZACAARAC T CAAGATANCAGAGAATAGTTTTGAGCARS 200
TAAZCATTTATGCARGCCTTACATC TATT GOTTGAAGT GGAGCAAGAGRTA 850
AGAACTTTCTCOTTTCAGCTTATT TAATAATAMAANACACCCTTGTTTCT 500
ACT 503

Figure 1h
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AGCAAAAGCAGGGTGACAAAGACATRAATGEATCCARACACTGETGTCAAGT 50
TTTCAGETATTTGCCCTGCTGTEEETECTGC TC O TCTGEETGCCCAGZRAG 100
CCACGGAGCCCCCCTGECCGUCCATACCCCCACCGCCTGCTGC T TCAGCT 150
ACACCAGCCGGETAGATCCCCCAGAACTTCATCGCCGACTACTTC GAGACT 200
AGCAGCCAGTGCAGCAAGCCCAGCETGEATCTTCCT GACCAAGC GGGEECAG 250
GCAGCTCTGCGCCGACCCCAGCGAGGAATGGET GCAGARATACGTGAGCE 300
ACCTGGEARACTGAGCGCCTCGATGACCAAGCAGARAGTCGTACTAACCTTCT 350
TCTCTTTCTTCTCCTGACAGSACATACTCCTGAGGATCTCAAAAATGCAG 400
TTGGAGTCCTCATCGEGGEACTTGAAT GGAATGATAACACAGTTCGAGTT 450
TCTGAAACTCTACAGAGATTCECTTGEAGRAGCAGTAATGAGAATGGEAG 500
ACCTCCACTCACTCCAARACAGAALACGAGAAAT GGCGGEAACAATTAGET 550
CAGAAGTTTGAAGAAATAAGATGGT TGATTGAAGAAGT GAGACACAAACT 00
GAAGATARCAGAGAATAGTTTTGAGCAAATAACATTTATGCAAGCCTTAL 650
ATCTATTGCTTGARGTGGAGCAAGAGATARGARCTTTCTCGTTTCAGCTT 700
ATTTAATEATAAARAACACCOTTETTTCTACT 732

Figure 1i
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AGCAAAAGCAGGGTGACAAAGACATRAATGEATCCARACACTGETGTCAAGT 50
TTTCAGETATTTGCCCTGCTGTEEETECTGC TC O TCTGGETCCCCAGZRAG 100
CCACGGCGECCAGCAACTTCGACTGCTGCCTGGECTACACCGACCGGATCC 150
TECACCCTARGTTCATCGTGEGEC T TCACCAGGCAGC T GEUCAAC GAGEET 200
TGCGACATCARACGUCATCATCTTCCACACCAAGAARAAGCTGTCCGETGETG 250
CECCAACCCCAAGCAGACCTGGETGAAGTACATCGTGCGGCTGCTGTCCA 300
AGAARAGTGAAGAACATGTCGATGACCAAGCGCAGALAGTCGTACTAACCTTCT 350
TCTCTTTCTTCTCCTGACAGSACATACTCCTGAGGATCTCAAAAATGCAG 400
TTGGAGTCCTCATCGEGGEACTTGAAT GGAATGATAACACAGTTCGAGTT 450
TCTGAAACTCTACAGAGATTCECTTGEAGRAGCAGTAATGAGAATGGEAG 500
ACCTCCACTCACTCCAARACAGAALACGAGAAAT GGCGGEAACAATTAGET 550
CAGAAGTTTGAAGAAATAAGATGGT TGATTGAAGAAGT GAGACACAAACT 00
GAAGATARCAGAGAATAGTTTTGAGCAAATAACATTTATGCAAGCCTTAL 650
ATCTATTGCTTGARGTGGAGCAAGAGATARGARCTTTCTCGTTTCAGCTT 700
ATTTAATEATAAARAACACCOTTETTTCTACT 732

Figure 1]
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AGCARPAGCAGGETGACAAAGRCATAATGCGATCCAARCACTGTGTCAAGT 50
TTTCAGGTATTTEGCCCTGOTCTEEETEETECTGC T GTEGETGCCCCGETC 100
CCACGGZATGACCGAGCAGCAGT GGAACTTCGCCGECATCGAGGCCGCCTE 150
CTAGCGZCATCCAGGGCARCGTGACCAGCATCCACAGCCTGCTGGACGAL 200
GGCAAGCAGAGCCTGACCAAGCTGGCAGCTGCC TEGEEGCEECTCTGGCAG 250
CGAGGCITACCACGGUGT GCAGCAGAAGTEGGAT GCCACC GLCACTGAGT 300
TGAACAACGCCCTGCAGARACCTSGCCCGGACCATCAGIGAGGCCGGACAG 350
GCCATGGLCAGCACCGAGGGCAATGCTGACAGCCAT ST TCSCCTGATGACT 400
ARGCAGRAAGTGETACTARACCTTCTTCTCT T TETTOTCOTGACAGGACAT 450
ACTGUTGAGGATGTCAAALATGCAGTTGGAGTCCTCATCGEGGGATT TGA 500
ATGGAATGATARCACAGTTCGAGTCTCTGAAACTC TACAGAGATTCGCTT 550
GGAGAAGCRAGTRATGAGART GGGAGRCCTCCATTCACTCCAAALCAGARR 600
CGAGRAATGGCGEGARCAATTAGGTCAGAAGTTTGAAGAAATAAGATGSET 650
TGATTGAAGARGT GAGACACAARCTGAAGATARACASGAGAATAGTTTTGAG 700
CRAATARCATTTATGCAAGCCTTACATCTAT TCCT PTGAAGCT GGAGCARAGR 750
GATAAGAACTTTCTCETTTCAGC T TAT TTAATAATAAAAAACACCCTTET 500
TTCTAZT ao7

Figure 1k
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AGCAAAAGCAGGETGACAAAGACATAATGGATCCAAACACT GTGTCAAGC 50
TTTCAGGTATTTGCCATGACCGAGCAGCAGT GEGAACTTCGCCGGCATCGA 100
GECCGCAGCCAGCGCCATCCAGGGCAACGTGACCASCATCCACAGCCTGC 150
TCGACGAGGGCAACCACGAGCCTCACCAACCTGCCCSCAGCCTCGGEIGEE 200
TCTGGCAGCGAGECCTACCAGGGCGTGCAGCAGAA STGGGACGCCACTGEC 250
CACCGAGUTGAACAACGCCCTGCAGAACCTGGICCECACCATCAGCGAGG 300
CCGOACAGCCCRTCGCCAGCACCGAGGGCAATCTGACAGCCATCTTCGCT 350
TGATGACCAAGCAGARAAGTGCTACTAACCTTCTTC TCTTTCTTCTCCTGA 400
CAGGACATACTGCTGAGHEAT GTCARPRAATGCAGTT GGAGTCCTCATCGGE 450
GGACTTGAATGGAATCGATAACACAGTTCGAGTC TCTGAAARCTCTACAGAG 500
ATTCGCTTGGAGAAGCAGTAATGAGAATGEGAGACTTCCACTCACTCCARA 550
ARCAGAAACGAGRALATGGUGGEARCAATTAGSTCAGARAGT T TGAAGAAAT @00
AAGATGGTTGATTGARAGAAGTGAGACACAAACTGAAGATARACAGAGAATAR 50
GTTTTGAGCARATAACATTTATGCAAGCCTTACATCTATTGCTTGALGTG 100
GCAGCAAGAGATAAGAACTITCTCETTICAGOTTAT I'TAATAATAARAAAC 150
ACCCTTGTTTCTACT T65

Figure 1l
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AGCAAAAGCAGCGCTGACAAAPACATANTGCATCCAMCACTCTGTCAAGT >0
TTTCAGETATTTIGCCTGGETGCTTTTCATACTICTGCTTT TCCTGETTCCT 100
TCCAAGATCACATGGTGCACCTACTTICTTCGTCGACAALAGARAACACAGC 150
TACAACTGGAGCATTTACTGCTGGATT TACAGATGATTTTGAATGGAATT 200
AATRATTACAAGAATCCCARACTCACCAGGATGCTCACATTTAAGTTTTA 250
CATGCCCAAGAAGGCCACAGRACTGARACATCT T AGTGTCTAGAAGRAAG 300
AACTCARACCTCT GGAGGARGTGCTAAATTTAGCTCAANAGCARAAACTTT 350
CACTTAAGACCCAGGGAC TTAATCAGCAATATCAACGTAATAGTTCTGGA 400
ACTARAGGGATCTGAAACAACATTCATGTGTGAATATGCT GATGAGACAG 150
CAACCATTGTAGRATTTCTGAACAGATGGATTACCTTTTGTCARAGCATC 500
ATCTCAACACTAACTTGATAACCAAGCAGAALAGTGETACTAACCTTCTTC 550
TCTTTCTTCTCCTGACAGGACATACTGC TCGAGGATGTCAAARAATGCAGTT c00
GGAGTCCTCATCGGEGECACT TGAATGGAATGATAACACAGTTCGAGTCTC £50
TEAAACTCTACAGAGATTCGCTTGCGAGAAGCAGTAATGAGAATGGCAGAT 700
CTCCACTCACTCCAAAACAGAAACGAGAAATGGCGGHGARACAATTAGGTCA 750
GAAGTTTGAAGARATAAGAT GCTTGAT TGAAGAAGT GAGACACAAACTGA 800
AGATARACAGACGAATACTTTTCAGCAARTAACATTTATGCAAGCCTTACAT 850
CTATTGCTTGAAGTGGAGCARGAGATAAGAACTTTCTCETTTCAGCTTAT 00
TTAATAATAAAARACACCCTTGTTTCTACT C30

Figure 1m
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ACCAAAMNGCAGGGTCGACAAAPAACATAATGCCATCCARACACTCTGTCAACC 50
TTTCAGETATTTGCCECAGGAGCTGCACTTTTGGCACTTC TTGCTGCACT 100
TCTTCCTGCTTCAAGAGC TGCACCTACTTCTICGTCGACAAAGARANCAC 150
AGCTACAACTGGEAGCATT TACTGCTGGATTTACAGATGATTTTGAAT GGA 200
ATTAATAATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTT 250
TTACATGCCCAAGARAGGCCACAGRACTGARACATCTTCAGTGTCTAGARG 300
ARGAACTCARACCTCTGGAGGAASTGCTARATTTAGCTCARAGCARRALC 350
TTTCACT TAAGACCCAGGGACTTAATCAGCAATATCAACGTAATAGTTCT 400
GGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATATGCTGATGAGA 450
CAGCRAACCATTETAGAATTTCTGAACAGATGGATTACCTTTTGTCARAGC 500
ATCATCTCAACACTARCTTGATAACCERAGCAGRAAGTGETACTAACCTTC 550
TTCTCTTTCTTCTCCTGACAGGACATACTGCTGAGGATGTCAAARAT GCA 00
GTTGGAGTCCTCATCCEEGGACTTGART GCGAATGATARCACAGT TCGAGT €50
CTCTGARACTCTACAGAGAT TCCCTTGCAGAAGUAGTAATGAGART GGGA 700
GACCTCCACTCACTCCAARRCAGAMACGAGAAATGZCGEGAACAATTAGE 750
TCAGAAGTTTGAACGAAATARCGATCCTT GATTGAAGAAGTGAGACACAALC 300
TGARGATAACAGAGAATAGTTTTGAGCAAATAACATTTATCGCAAGCCTTA 850
CATCTATTGCTTGAAGTGGAGCAAGAGATAAGAACTTTCTCGTTTCAGCT =200
TATTTAATAATAAARRACACCCTTGTTTCTACT £33

Figure 1n
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1
REPLICATION DEFICIENT INFLUENZA
VIRUS FOR THE EXPRESSION OF
HETEROLOGOUS SEQUENCES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/666,246, filed on Dec. 22, 2009 and entitled
REPLICATION DEFICIENT INFLUENZA VIRUS FOR
THE EXPRESSION OF HETEROLOGOUS SEQUENCES,
which was the U.S. national stage of International Patent
Application No. PCT/EP2008/058154, filed on Jun. 26, 2008
and entitled REPLICATION DEFICIENT INFLUENZA
VIRUS FOR THE EXPRESSION OF HETEROLOGOUS
SEQUENCES, which claims the benefit of priority under 35
U.S.C. §120 from U.S. Patent Application No. 60/946,644,
filed on Jun. 27, 2007 and entitled NOVEL VIRAL VECTOR
FOR THE EXPRESSION OF HETEROLOGOUS
SEQUENCES, and under 35 U.S.C. §119 from European
Patent Application No. 07450176.8, filed on Oct. 5, 2007 and
entitled NOVEL VIRAL VECTOR FOR THE EXPRES-
SION OF HETEROLOGOUS SEQUENCES. The disclo-
sures of the foregoing applications are incorporated herein by
reference in their entirety.

SEQUENCE LISTING

The entire content of a Sequence Listing titled
“Sequence_Listing.txt,” created on Oct. 8, 2013 and having a
size of 47 kilobytes, which has been submitted in electronic
form in connection with the present application, is hereby
incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

The present invention covers a replication deficient influ-
enza virus comprising a modified NS1 segment coding for an
NS1 protein lacking a functional RNA binding domain and
functional effector domain and a heterologous sequence
inserted between the splice donor site and the splice acceptor
site of the NS segment. Said heterologous sequence can be
expressed either from the NS1 open reading frame or an open
reading frame different from the NS1 open reading frame.

Further therapeutic preparations containing said replica-
tion deficient influenza virus and their use are covered as well
as the process for manufacturing said virus.

The influenza virions consist of an internal ribonucleopro-
tein core (a helical nucleocapsid) containing the single-
stranded RNA genome, and an outer lipoprotein envelope
lined inside by a matrix protein (M1). The segmented genome
of'influenza A and B virus consists of eight molecules (seven
for influenza C) of linear, negative polarity, single-stranded
RNAs which encodes eleven (some influenza A strains ten)
polypeptides, including: the RNA-dependent RNA poly-
merase proteins (PB2, PB1 and PA) and nucleoprotein (NP)
which form the nucleocapsid; the matrix membrane proteins
(M1, M2 or BM2 for influenza B, respectively); two surface
glycoproteins which project from the lipid containing enve-
lope: hemagglutinin (HA) and neuraminidase (NA); the non-
structural protein (NS1) and the nuclear export protein
(NEP). Influenza B viruses encode also NB, a membrane
protein which might have ion channel activity and most influ-
enza A strains also encode an eleventh protein (PB1-F2)
believed to have proapoptotic properties.

Transcription and replication of the genome takes place in
the nucleus and assembly occurs via budding on the plasma
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membrane. The viruses can reassort genes during mixed
infections. Influenza virus adsorbs via HA to sialyloligosac-
charides in cell membrane glycoproteins and glycolipids.
Following endocytosis of the virion, a conformational change
in the HA molecule occurs within the cellular endosome
which facilitates membrane fusion, thus triggering uncoating.
The nucleocapsid migrates to the nucleus where viral mRNA
is transcribed. Viral mRNA is transcribed and processed by a
unique mechanism in which viral endonuclease cleaves the
capped S'-terminus from cellular heterologous mRNAs
which then serve as primers for transcription from viral RNA
templates by the viral transcriptase. Transcripts terminate at
sites 15 to 22 bases from the ends of their templates, where
oligo(U) sequences act as signals for the addition of poly(A)
tracts. Of the eight viral RNA molecules of influenza A virus
so produced, six are monocistronic messages that are trans-
lated directly into the proteins representing HA, NA, NP and
the viral polymerase proteins, PB2, PB1 and PA. The other
two transcripts undergo splicing, each yielding two mRNAs
which are translated in different reading frames to produce
M1, M2, NS1 and NEP. In most of influenza A viruses,
segment 2 also encodes for a second protein (PB1-F2),
expressed from an overlapping reading frame. In other words,
the eight viral RNA segments code for eleven proteins: nine
structural and 2 nonstructural (NS1 and the recently identified
PB1-F2) proteins.

The application of viral vectors for delivery of foreign
proteins and biologically active molecules is an attractive
approach for gene therapy, treatment of cancer and prevention
of infectious diseases. Influenza viruses are especially con-
sidered as potential vaccine vectors. In contrast to other vec-
tors such as adenoviruses or retroviruses, influenza does not
contain a DNA intermediate and is therefore not able to
integrate into the host’s chromosomes. There are several
options to manipulate the influenza genome depending on the
desired aims and possibilities to produce recombinant
viruses. These strategies include the insertion of foreign pro-
teins into the surface glycoproteins NA and HA (Muster T. et
al., 1994, J. Virol., 68, 4031-4034; Percy N. et al., 1994, J.
Virol., 68, 4486-4492), the creation of additional genomic
fragments (Flick R and Hobom G., 1999, Virology, 262,
93-103; Watanabe T. et al., 2003, J. Virol., 77, 10575-10583)
and the manipulation of the non-structural NS1 protein
(Ferko B.etal., 2001, J. Virol., 8899-8908; Takasuka N. et al.,
2002, Vaccine, 20, 1579-1585). The influenza NS1 protein
has several advantages as a target for engineering since it does
not presumably interfere with the structure of the virions, but
is synthesized in large quantities in infected cells and tolerates
long insertions up to several hundred nucleotides.

As NS1isonly expressed intracellulary and less exposed to
the humoral arm of the immune system, the development of
the immune response to the NS1 protein or to the proteins
fused to NS1 is limited mainly to the induction of CD8" T cell
immunity. Obviously, for the induction of B-cell response or
for the expression of biologically active molecules, efficient
delivery of the recombinant protein to the cell surface is
required.

Vaccination is presently seen as the best way to protect
humans against influenza. Annual human influenza epidem-
ics (caused by influenza type A or type B viruses) are mani-
fested as highly infectious acute respiratory disease with high
morbidity and significant mortality. Vaccination is accom-
plished with commercially available, chemically inactivated
(killed) or live attenuated influenza virus vaccines. The con-
cept of the current live attenuated vaccine is based on the
generation of a temperature sensitive attenuated “master
strain” adapted to grow at 25° C. (cold adaptation). Live cold



US 9,187,732 B2

3

adapted (ca) and inactivated virus vaccine stimulate the
immune system differently, yet in both cases lack of sufficient
immunogenicity especially in elderly persons is one of the
most important drawbacks in influenza vaccination. Although
ca live influenza virus vaccines are considered as sufficiently
safe, the exact genetic and molecular mechanisms of attenu-
ation are not completely understood. It is claimed that the
nature of the safety of ca influenza vaccines is based on a large
number of point mutations distributed across the internal
gene segments. However, only a small number of mapped
mutations localized in the polymerase genes are responsible
for the attenuation of ca virus strains that are unable to repli-
cate at normal body temperature (Herlocher, M. L., A. C.
Clavo, and H. F. Maassab. 1996, Virus Res. 42:11-25; Her-
locher, M. L., H. F. et al., 1993, Proc Natl Acad Sci USA.
90:6032-6036). In fact, the genetic stability of live vaccine
strains are often questioned since viruses re-isolated from
vaccinated hosts reveal additional point mutations which
might eventually function as “suppressor” mutations causing
enhanced replication properties and a possible loss of the
temperature sensitive phenotype of the revertant virus (Her-
locher, M. L., H. F. et al., 1993, Proc. Natl. Acad. Sci.
90:6032-6036, Treanor, J., M. et al., 1994 ] Virol. 68:7684-
7688.)

Reflecting the potential risks of the ca live attenuated influ-
enza virus vaccines and in view of the low stability often
combined with low expression rate of foreign proteins in
influenza virus vectors, there is still a high demand to create
a completely attenuated influenza virus vector inducing cel-
Iular and/or humoral immunogenicity and stably expressing
high amounts of foreign proteins.

It has been surprisingly shown by the inventors that an
influenza virus vector as developed according to the invention
does fulfill these unmet demands, i.e. providing an influenza
virus vector that is of high safety due to complete attenuation
and which shows stable expression of foreign genes inserted
into the virus vector. Preferably, the foreign genes show high
expression rates when inserted into the inventive virus vector.

Although various attempts have been made to overcome
the issues of low genetic stability and low expression rate of
proteins or peptides in attenuated virus vectors, none of these
constructs have been efficiently successful yet.

Kittel et al. (Virology, 2004, 324, 67-73) described an
influenza A virus consisting of an NS1 protein of 125 aa
length (approx. one half of the wt NS1 protein) and express-
ing green fluorescence protein (GFP) from the NS1 reading
frame, which was replicating in PKR knock out mice. In
interferon competent cells the virus was not stably expressing
GFP but the virus was loosing its fluorescent activity due to
the appearance of various deletions within the GFP sequence.

A bicistronic expression strategy based on the insertion of
an overlapping stop-start codon cassette into the NS gene for
expressing GFP was disclosed by Kittel et al. (2005, J. Virol.,
79, 10672-10677). Although being genetically stable, the
expression level of the GFP from this reading frame was
significantly lower than that obtained from an influenza virus
vector expressing GFP from the NS1 ORF (Kittel et al., 2004,
see above).

Ferko et al. did not describe a replication deficient virus but
a ca influenza virus expressing human interleukin 2 (J. Virol.,
2006, 11621-11627). Yet, the genetic stability and safety of a
cold adapted virus has to be questioned in view of the genetic
structure leading to temperature sensitivity (Herlocher M. et
al., Proc. Natl. Acad. Sci, 1993, 90, 6032-6036). Additionally,
the IL.-2 expression levels were low.

The present invention relates to the development of a rep-
lication deficient influenza virus comprising a modified NS
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segment coding for an NS1 protein lacking a functional RNA
binding domain and functional effector domain and a heter-
ologous sequence inserted between the splice donor site and
the splice acceptor site of the NS1 gene segment. According
to the invention the heterologous sequence can be expressed
from the NS1 reading frame or from a separate open reading
frame.

Although WO 07/016,715 describes that influenza virus
wherein the NS gene (sometimes referred to also as NS1
gene) comprises deletions and wherein the virus can be used
to express an immunostimulatory cytokine, there is no dis-
closure on the specific influenza vector which could success-
fully express foreign proteins. In contrast, the inventors have
surprisingly shown that the heterologous sequences, which
can be even larger than the natural intron, can be stably
expressed at high levels from the NS segment if inserted
between a functional splice donor site and functional splice
acceptor site, provided NS splicing efficiency is adjusted
according to insert size.

This was neither shown nor indicated in WO 06/088481
and WO 01/64680.

According to a preferred embodiment of the invention, the
functional splice donor site and the splice acceptor site of the
NS gene segment is the natural splice site.

According to the invention the heterologous sequences can
be selected from any biologically active proteins or peptides
or antigenic structures.

Antigenic peptides or proteins are characterized by com-
prising epitopes which can lead to immunomodulatory activi-
ties, like binding of antibodies or antibody like structures or
induction of cellular immune responses.

Preferably, proteins or peptides are selected from the group
consisting of antigens, preferably bacterial antigens like
ESATG6, growth factors, cytokines like interleukins, lymphok-
ines and chemokines and fragments or derivatives thereof,
more preferred from Mycobacterium tuberculosis, GM-CSF,
CCL-3, CCL-20, interleukin 2, interleukin 15 or a fragment
or derivative thereof.

The present invention further relates to therapeutic prepa-
rations, preferably vaccine preparations containing said rep-
lication deficient influenza viruses. Exemplarily these prepa-
rations can be used for the prevention and treatment of
infectious diseases or cancer.

Further, methods for producing the inventive influenza
viruses by transfecting cell lines (e.g. Vero cells, MDCK cells
etc.) and expressing viral particles are disclosed.

FIGURES

FIG. 1 (a-): Nucleic acid sequence of various vector con-
structs.

a: Sequence of the deINS1-1L-2-10 segment (SEQ ID No.
1y

b: Sequence of the deINS1-1L.-2-11 segment (SEQ ID No.
2)

c: Sequence of the deINS1-1L.-2-14 segment (SEQ ID No.
3)

d: Sequence of deINS1-11.2-13 segment (SEQ ID No. 4)

e: Sequence of deINS1-1.-2-21 segment (SEQ ID No. 5)

f: Sequence of deINS1-11.-2-17 segment (SEQ ID No. 6),

g: Sequence of deINS1-1L.-15-21 segment (SEQ ID No. 7)

h: Sequence of deINS1-GM-CSF-21 segment (SEQ ID No.
8)

i: Sequence of deINS1-CCL-3-21 segment (SEQ ID No. 9)

j: Sequence of deINS1-CCL20-21 segment (SEQ ID No.
10)
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k: Sequence of deINS1-ESAT-6s-21 segment (SEQ ID No.
67)

1: Sequence of deINS1-ESAT-6i-21 segment (SEQ ID No.
68)

m: Sequence of deINS1-11.2-23 segment (SEQ ID No. 78)

n: Sequence of deINS1-I1.2-24 segment (SEQ ID No. 79)

FIG. 2: Schematic representation of the influenza A wild-
type NS segment and the three chimeric 1L.-2 NS segments
deINS1-IL-2-10 and deINS1-IL-2-11 and deINS1-IL-2-14.

FIG. 3: Human IL.-2 levels in supernatants from Vero cells
infected with GHB-1L-2-10, GHB-IL-2-11 or GHBOLI.

FIG. 4: RT-PCR analysis of the NS segment after five
passages on Vero cells

FIG. 5: Human IL.-2 levels in supernatants from Vero cells
infected with GHB-IL-2-11, GHB-IL-2-13, GHB-IL2-14
and GHB-IL2-21.

FIG. 6: Amino acid sequence of wt influenza virus PR8
NS1

FIG. 7: deINS1-IL.-2 mRNA splicing can be altered by
either moditfying the sequence surrounding the splice donor
site or the sequences 5' to the splice acceptor site.

FIG. 8: Schematic IL.-2 expression construct. The ORF of
the truncated NS1 consists of nucleotides 45-158; the human
IL-2 ORF consists of nucleotides 161-619; the 5' intron
boundary is between nucleotides 77 and 78; the 3' intron
boundary is between nucleotides 657 and 658.

FIG. 9: Nucleotide sequence of ANS1-38IL.2 (SEQ ID No.
77).

The invention provides replication-deficient influenza
viruses comprising a modified NS segment coding for a NS1
protein comprising at least one amino acid modification
within positions 1 to 73 resulting in complete lack of its
functional RNA binding and at least one amino acid between
position 74 and the carboxy-terminal amino acid residue,
specifically until amino acid position 167, resulting in com-
plete lack of its effector function and a heterologous sequence
between a functional splice donor site and functional splice
acceptor site inserted in the NS gene segment.

Preferably the influenza virus is derived from influenza A
virus, influenza B virus or influenza C virus. Vectors based on
or derived from Influenza A or influenza B virus sequences
are preferred.

The replication deficient influenza virus according to the
invention can be used as viral vector for immunization against
any pathogens or antigenic structures to induce an immune
response against the heterologous structures expressed by
said viral vector. The immune response can comprise a cel-
Iular immune response and/or a humoral immune response.
By using heterologous sequences expressing immunomodu-
lating proteins or peptides, the immune response towards the
influenza virus can be further boosted, resulting in an
improved influenza vaccine formulation. This is especially
relevant for vaccination of elderly or immunosuppressed
individuals.

The virus selected for use in the invention comprises a
modified NS gene leading to an influenza virus that is attenu-
ated, i.e. it is infectious and can replicate in vivo in interferon
deficient cells or cell systems but does not replicate in inter-
feron competent cells. According to the invention the term
“replication deficient” is defined as replication rate in inter-
feron competent host cells that is at least less than 5%, pref-
erably less than 1%, preferably less than 0.1% than wild type
influenza virus as determined by hemagglutination assay,
TCIDS50 assay or plaque assay as well known in the art.

The NS gene segment according to the invention must
contain functional splice donor and splice acceptor sites.
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According to a specific embodiment of the invention, the
influenza gene segments can be derived from different influ-
enza strains, either pandemic or interpandemic ones. This can
result in reassorted influenza viruses which combine the
genes for the surface glycoproteins hemagglutinin (HA) and/
or neuraminidase (NA) of actual interpandemic viruses with
five or six or seven RNA segments coding for other proteins
from the attenuated master strain (6/2 combination) or 7/1
reassortants or 5/3 reassortants containing HA, NA and M
segments of a circulating strain respectively.

The inventors have used a reverse genetics system on Vero
cells for developing reassortants and/or expression of modi-
fied influenza virus strains. The technology is already well
known in the art (Pleschka S. et al., 1996, J. Virol., 70(6),
4188-4192, Neumann and Kawaoka, 1999, Adv. Virus Res.,
53, 265-300, Hoffmann et al. 2000, Proc Natl Acad Sci USA.
97:6108-13). Alternatively, the technology based on RNPs as
described by Enami and Enami (J. Virol, 2000, 74, 12, pp.
5556-5561) can be used for developing reassortants.

The NS1 protein of influenza A virus is a multifunctional
protein that consists of approximately 230 amino acids and is
early and abundantly synthesized in infection. It counters
cellular antiviral activities and is a virulence factor. By the
activity of its carboxy terminal region, the NS1 protein is able
to inhibit the host m RNA’s processing mechanisms. Second,
it facilitates the preferential translation of viral mRNA by
direct interaction with the cellular translation initiation factor.
Third, by binding to dsRNA and interaction with putative
cellular kinase(s), the NS1 protein is able to prevent the
activation of interferon (IFN-) inducible dsRNA-activated
kinase (PKR), 2'S'-oligoadenylate synthetase system and
cytokine transcription factors. Fourth, the N terminal part of
NS1 binds to RIG-I and inhibits downstream activation of
IRF-3, preventing the transcriptional induction of IFN-f.
Therefore the NS1 protein inhibits the expression of IFN-a or
IFN-f genes, delays the development of apoptosis in the
infected cells, and prevents the formation of the antiviral state
in neighbouring cells. Influenza viruses containing modifica-
tions within the NS1 protein are known in the art. For
example, WO 99/64571 describes the complete knock out of
the NS gene segment, WO 99/64068 discloses various NS
gene segments that have been partially deleted, yet none of
the described modifications disclose an influenza virus vector
according to the present invention.

According to the present invention the modification within
the NS1 protein can be a deletion, an insertion or substitution
of at least one amino acid resulting in a replication deficient
influenza virus.

Preferably the modified NS1 protein comprises a deletion
of at least 50% of the NS1 amino acids, preferably of at least
70%, more preferably of at least 90%. Alternatively, the func-
tionality of the NS1 protein can be completely diminished.

The NS1 protein of the influenza virus vector according to
the invention lacks the functional RNA binding domain. The
primary function of this domain located at the amino end of
the NS1 protein (amino acids 1-73, the wild type amino acid
sequence is attached as SEQ ID No. 80) is binding dsRNA
and inhibiting the 2'5' oligo (A) synthetase/RNase L. pathway
(Min J. et al., Proc. Natl. Acad. Sci, 2006, 103, 7100-7105,
Chien et al., Biochemistry. 2004 Feb. 24; 43(7):1950-62) as
well as the activation of a cytoplasmic RNA helicase, RIG-I,
retinoic acid-inducible protein I (Yoneyama M. et al., Nat.
Immunol., 2004, 5, 730-737).

Lack of a functional RNA binding domain is defined
according to the present invention as complete lack of dssSRNA
binding ability leading to an influenza virus that does not
replicate in interferon competent cells.
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According to the invention the effector domain of the NS1
protein of influenza virus vector is not functional. The effec-
tor domain interacts with cellular proteins to inhibit mRNA
nuclear export. The effector domain is located at the C-ter-
minal part of the NS1 protein. According to Schultz et al. the
effector domain is specifically located between amino acid
residues 117 and 161, other literature locates the effector
domain between 134 and 161. The NS1 effector domain can
be completely or partially deleted as well as amino acids can
be substituted or inserted and the remaining effector domain
can be tested for functionality as described in the art (Schultz-
Cherry S. et al., J. Virol., 2001, 7875-7881).

According to the invention the C-terminal amino acids
relevant for effector binding activity are modified to inhibit
effector function. Specifically amino acids at positions 74 to
230, more specifically amino acids at positions 116 to 161,
more specifically at positions 134 to 161 are modified.
According to a preferred embodiment, the modification is a
deletion of said amino acids.

The heterologous sequence according to the present inven-
tion can be any biologically active protein or peptide or anti-
genic structure.

For example, antigenic structures can be proteins or carbo-
hydrate structures which can be recognized by the immune
system, e.g. antibodies or antibody-like structures can bind to
these structures. These epitope structures can contain signal
peptides or can be directly linked to the modified NS1 protein.
For example, foreign epitope structures can be derived from
other pathogens, from tumor associated antigens or retroviral
epitopes expressed on the surface of tumour cells. Carbohy-
drate antigens are often of particularly weak immunogenicity.
Their immunogenicity can be improved by conjugating the
carbohydrate to a protein carrier. Proteins or peptides can also
be linked to transmembrane domain sequences preferably
containing stretches of hydrophobic amino acids or other
leader sequences known to be needed for transporting the
protein/peptide through the cellular membrane barriers.
Transmembrane domain usually denotes a single transmem-
brane alpha helix of a transmembrane protein. An alpha-helix
in a membrane can be folded independently from the rest of
the protein, similar to domains of water-soluble proteins. A
transmembrane domain can be any three-dimensional protein
structure which is thermodynamically stable in a membrane.
This may be a single alpha helix, a stable complex of several
transmembrane alpha helices, a transmembrane beta barrel, a
beta-helix of gramicidin A, or any other structure.

Transmembrane helices are usually about 20 amino acids
in length, although they may be much longer or shorter.

For example these could be HA transmembrane sequences
or any other known viral transmembrane domains.

The biologically active protein used according to the inven-
tion can comprise a signal peptide. The signal peptide can be
any signal sequence being either a naturally occurring signal
sequence or a synthetic one. For example it can be the natu-
rally existing signal sequence of the heterologous sequence.
Alternatively, it can also be derived from an antibody, pref-
erably from an Ig kappa chain, more preferably from Ig kappa
signal peptide. Preferably, the Ig kappa chain is derived from
mouse Ig kappa chain.

According to a preferred embodiment of the invention the
heterologous sequence expresses cytokines or chemokines or
fragments or derivatives thereof. Cytokines are small secreted
proteins which mediate and regulate immunity, inflammation
and hematopoiesis. The largest group of cytokines are those
which promote proliferation and differentiation of immune
cells. Included within this group are interleukins, which are
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cytokines produced by leukocytes, and interferons, which
may be produced by a variety of cell types.

Interferons (IFN) are a family of naturally occurring gly-
coproteins produced by cells of the immune system of verte-
brates, including mammals, birds, reptiles and fish, in
response to challenge by agents such as bacteria, viruses,
parasites and tumour cells. In humans there are three major
classes of interferons. The type I interferons include 14 IFN-
alpha subtypes and single IFN-beta, omega, kappa and epsi-
lon isoforms. Type II interferons consist of [IFN-gamma and a
recently discovered third class consists of IFN-lambda with
three different isoforms.

Th1 cells secrete mainly IL-2, IFN-y, and TNF-3, whereas
Th2 cells which are relevant in humoral immune responses
secrete cytokines such as I[.-4, IL-5, and IL.-10. Th2-type
cytokines mediate delayed type hypersensitivity responses
against intracellular pathogens and inhibit the Th1 responses.

Chemokines, originally derived from chemoattractant
cytokines, actually comprise more than 50 members and rep-
resent a family of small, inducible, and secreted proteins of
low molecular weight (6-12 kDa in their monomeric form)
that play a decisive role during immunosurveillance and
inflammatory processes. Depending on their function in
immunity and inflammation, they can be distinguished into
two classes. Inflammatory chemokines are produced by many
different tissue cells as well as by immigrating leukocytes in
response to bacterial toxins and inflammatory cytokines like
IL-1, TNF and interferons. Their main function is to recruit
leukocytes for host defense and in the process of inflamma-
tion. Homing chemokines, on the other hand, are expressed
constitutively in defined areas of the lymphoid tissues. They
direct the traffic and homing of lymphocytes and dendritic
cells within the immune system. These chemokines, as illus-
trated by BCA-I, SDF-1 or SLC, control the relocation and
recirculation of lymphocytes in the context of maturation,
differentiation, activation and ensure their correct homing
within secondary lymphoid organs.

According to the present invention it has been shown that
biologically active cytokines or chemokines or derivatives or
fragments thereof can be stably and efficiently expressed
using an open reading frame different from the ORF express-
ing the NS1 protein. Alternatively additional leader
sequences other than the natural signal peptides can be fused
to the cytokines or chemokines which may further support
efficient secretion of the protein and show a highly efficient
induction of immune response in vivo.

Surprisingly, chemokines and cytokines can also be effi-
ciently expressed when the amino acid sequence correspond-
ing to the mature cytokine/chemokine is fused to a part of the
NS1 protein via an amino acid sequence acting as a signal
peptide. For example, this can be a part of the mouse IgKappa
signal peptide.

According to the present invention the heterologous
sequence preferably codes for interleukin 2 (IL-2) or a frag-
ment or derivative thereof. IL.-2 comprises secretory signal
sequences and is an immunomodulatory, T-cell derived mol-
ecule required for the clonal expansion of antigen-activated
T-cells. The secretion of IL-2 by CD4+ T lymphocytes has
multiple biological effects, such as the induction of prolifera-
tion of T-helper and T-killer cells and the stimulation of
T-cells to produce other cytokines. Furthermore, IL-2 can
also activate B-cells, NK cells and macrophages. When 1L.-2
is expressed from recombinant viruses infecting non-lym-
phoid cells, its secretion could significantly decrease the
pathogenesis of viral infection and modify the immune
response. It is also known that IL-2 acts as immune adjuvant.
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According to the present invention any fragment or deriva-
tive of the cytokines and chemokines is included that is still
biologically active, i.e. shows immunomodulatory activities.

Alternatively, the cytokines/chemokines can also be
selected from the group consisting of 1L.-15, GM-CSF, CCL3
or CCL20 or derivatives or fragments thereof.

Alternatively, it can be also any epitope or immunomodu-
latory region derived from Mycobacterium tuberculosis, for
example ESAT-6.

Alternatively the heterologous sequences can also com-
prise chimeric proteins being cytokines or chemokines or
fragments or derivatives thereof fused to antigenic proteins or
antigenic peptides. Fusion can be either directly or via peptide
linker sequences having a length of at least 4 amino acids,
preferably at least 5 amino acids. For example, the linker
sequences according to the invention are GGGS or GGGGS.

Examples for IL-2 chimeric proteins are known in the art.
Exemplarily, this could be IL-2-PE40 (wherein PE is
Pseudomonas exotoxin A), DAB389-1L.-2 (where DAB is
diphtheria toxin) or I[.-2 Bax (wherein Bax is a proapoptotic
protein of human origin) (Aqeilan R. et al., Biochem. J., 2003,
129-140).

According to the present invention the nucleotide
sequences of the heterologous sequences which are intro-
duced into the replication deficient influenza vector show at
least 80% identity with their native sequences, preferably at
least 85% identity, more preferred at least 90% identity. Any
optimization of the nucleotide sequence in view of codon
usage is included thereby.

Alternatively, the heterologous sequence can comprise
B-cell or T-cell-epitopes, for example a B cell epitope from
influenza hemagglutinin (HATB), for example the A loop
epitope from the influenza virus hemagglutinin (HA) or parts
thereof, or peptides representing one of the immunodominant
epitopes of HA corresponding to amino acid sequence 150 to
159 (Caton et al., 1982, Cell, 417-427).

The epitope can also be derived from melanoma-associated
endogenous retrovirus (MERV) as described in WOO06/
119527. It can be an epitope derived from the gag, pol or env
protein of the virus, preferably from env. Especially, it can be
one or more of the following peptides: EMQRKAP-
PRRRRHRNRA (SEQ ID. No 12); RMKLPSTKKAEPPT-
WAQ (SEQ ID. No 13); TKKAEPPTWAQLKKLTQ (SEQ
ID. No 14); MPAGAAAANYTYWAYVP (SEQ ID. No 15);
PIDDRCPAKPEEEGMMI (SEQ ID. No 16); YPPI-
CLGRAPGCLMPAV (SEQID. No 17); YQRSLKFRPKGK-
PCPKE (SEQ ID. No 18); FRPKGKPCPKEIPKESK (SEQ
ID. No 19); GKPCPKEIPKESKNTEV (SEQ ID. No 20);
GTIIDWAPRGQFYHNCS (SEQID. No 21); RGQFYHNC-
SGQTQSCPS (SEQID. No 22); DLTESLDKHKHKKLQSF
(SEQ ID. No 23); PWGWGEKGISTPRPKIV (SEQ ID. No
24), PKIVSPVSGPEHPELWR(SEQ ID. No 25); PRV-
NYLQDFSQRSLKF (SEQ ID. No 26); RVNYLQDF-
SYQRSLKFR(SEQ ID. No 27); VNYLQDFSYQRSLKFRP
(SEQID. No 28); VNYLQDFSYQRSLKFRSP (SEQ ID. No
29); NYLQDFSYQRSLKFRPK (SEQ ID. No 30); YLQDF-
SYQRSLKFRPKG (SEQ ID. No 31); LQDFSYQRSLKFR-
PKGK (SEQ ID. No 32); QDFSYQRSLKFRPKGKP (SEQ
ID. No 33); DFSYQRSLKFRPKGKPC (SEQ ID. No 34);
FSYQRSLKFRPKGKPCP (SEQ ID. No 35); SYQRSLK-
FRPKGKPCPK (SEQ ID. No 36); YQRSLKFRPKGK-
PCPKE (SEQ ID. No 37); QRSLKFRPKGKPCPKEI (SEQ
ID. No 38); RSLKFRPKGKPCPKEIP (SEQ ID. No 39);
SLKFRPKGKPCPKEIPK (SEQ ID. No 40), LKFRPKGK-
PCPKEIPKE (SEQ ID. No 41); KFRPKGKPCPKEIPKES
(SEQ ID. No 42); FRPKGKPCPKEIPKESK (SEQ ID. No
43); RPKGKPCPKEIPKESKN (SEQ ID. No 44); PKGK-
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PCPKEIPKESKNT (SEQ ID. No 45); KGKPCPKEIP-
KESKNTE (SEQ ID. No 46); GKPCPKEIPKESKNTEV
(SEQ ID. No 47); KPCPKEIPKESKNTEVL (SEQ ID. No
48); PCPKEIPKESKNTEVLYV (SEQ ID. No 49); CPKEIP-
KESKNTEVLVW (SEQ ID. No 50); PKEIPKESKNTEV-
LVWE (SEQ ID. No 51); SYQRSLKFRPKGKPCPKEIP
(SEQID. No 52).

According to an alternative embodiment of the invention
the heterologous sequence is expressed from an open reading
frame (ORF) different from the NS1 ORF. Another method
for generating a second ORF can be achieved by incorpora-
tion of an internal ribosome entry site element (Garcia-Sastre
A, et al, 1999, J. Virol., 75, 9029-9036) or doubling of
influenza virus promoter sequences (Machado A. et al., 2003,
Virology, 313, 235-249).

According to the present invention it has been surprisingly
shown that even if the first approx. 12 amino acids of the NS1
protein are still present, secretion of the heterologous
sequence is not prohibited

Therefore, according to the present invention, the virus
vector can contain at least 10 amino acids, preferably up to 30,
preferably up to 20, preferred up to 14 amino acids of the
N-terminus of the NS1 protein and a signal peptide or part
thereof fused to the NS1 C-terminus. The C-terminal signal
sequence is preferably present in case the NS1 protein con-
tains not more than 30 amino acids of the N-terminus.

By using this specific construct, i.e. the fusion of a signal
peptide or part thereof with said N-terminal amino acids of
the NS1 protein, the so derived NS1 protein can be function-
ally modified to act as a signal peptide. Expression of heter-
ologous sequences by said fusion peptides can increase the
secretory characteristics of said heterologous sequences.

According to a preferred embodiment of the invention the
translation of the NS1 protein is terminated by at least one
stop codon and expression of said heterologous sequence is
reinitiated by a start codon. For example, a stop-start cassette
having the sequence UAAUG (SEQ ID. No 53) can be
inserted into the influenza A virus NS gene coding sequence
followed by the insertion of the heterologous sequence. In
view of the short Stop-Start codon sequence and the limited
capacity of the virus to express long sequence inserts when
fused directly to or posttranslationally cleaved from NS1, the
stop-start system can be highly advantageous compared to the
incorporation of long sequences, i.e. of an internal ribosome
entry site element. The stop-start codon can be inserted at any
position within the NS gene between the splice donor and the
splice acceptor site without modifying the nucleotide
sequences of the functional splice sites.

In an alternative embodiment the stop-start codon is
inserted at a position wherein at least 4 nucleotides, more
preferred at least 6 nucleotides, (more preferred at least 8
nucleotides downstream) of the 5"splice donor site of the NS
gene are expressed. The NS 5' and 3' intron boundaries are
defined as the cleavage site between the first exon and the
intron and the cleavage site between the intron and the second
exon. In case of influenza A, the insertion of the start-stop
codon is placed at any position within the NS gene, although
at least 10 N-terminal amino acids of the NS1 protein, alter-
natively at least 12 N-terminal amino acids of the NS1 protein
are expressed. Alternatively, the heterologous open reading
frame can also be at least partially overlapping with the NS1
open reading frame.

In an embodiment of the invention the translation of the
heterologous open reading frame is initiated from an opti-
mized translation initiation sequence, preferably the transla-
tion initiation sequence is a Kozak consensus sequence
(Kozak M., Nucleic Acids Research, 1984, 12, 857-872). This
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consensus sequence can comprise at least part of the sequence
CCRGCCAUGG, wherein R canbe A or G (SEQIDNO. 54).
Positions -3 (i.e., 3 nucleotides upstream from the ATG
codon) and +4 have the strongest influence on translation
(Kozak M., Nucleic Acids Research, 1987, 15, 8125-8148).
Thus, the consensus sequence can also be RXXAUGG,
XXAUGG or RXXAUG.

Furthermore according to the invention the NS gene seg-
ment contains a functional splice donor and/or acceptor splice
site. According to the invention the splice donor and acceptor
sites of the NS gene are consisting of the two nucleotides 3' to
the 5' intron boundary and the two nucleotides 5' to the
3'intron boundary.

Homology to U1 snRNA or pyrimidine stretch can also be
tested and developed to improve functional splice sites.

According to a specific embodiment, the NS gene segment
contains a functional natural splice donor and acceptor splice
site, i.e. the splice donor and acceptor sites are kept as natural
sites, i.e. the nucleotides are not modified by artificial tech-
niques.

Any nucleotide modifications at the splice sites occurring
naturally due to modifications of influenza viruses based on
environmental adaptations or natural strain developments are
natural modifications and do not fall under the term synthetic
or artificial modifications.

Alternatively, the sequences surrounding the splice donor
and/or upstream of the acceptor site can be altered, Prefer-
ably, alteration or modification can be performed within 3
nucleotides 5' to the and/or 8 nucleotides 3' to the 5' border of
the NS intron, as well as 100 nucleotides 5' to the and/or 2
nucleotides 3' to the 3' border of the NS intron. This is pref-
erably by introducing synthetic sequences in order to modify
splicing activity.

If e.g. insertion of a heterologous sequence increases NS
intron size it may be preferable to modify the sequences
surrounding the splice donor and/or acceptor site in order to
increase splicing efficacy and thus genetic stability of the
recombinant NS segment.

For example, it can be modified in that either the sequence
surrounding the splice donor site is altered to increase the
homology to the 5'end of the human U1 snRNA and/or the
sequence upstream of the splice acceptor site containing the
branch point (Plotch et al. 1986, Proc Natl Acad Sci USA.
83:5444-8; Nemeroff et al. 1992, Mol Cell Biol. 12:962-70)
and the pyrimidine stretch is replaced by a sequence that
enhances splicing of the NS segment.

For example, the sequence surrounding the 5' splice site
can be changed from CAG/GTAGATTG (as found in the PR8
NS segment, (SEQ ID. No 55) to CAG/GTAAGTAT (nucle-
otides complementary to the 5' end of the human U1 snRNA
are shown in bold italic letters, the splice donor site is indi-
cated by “/”, (SEQ ID. No 56).

In order to optimize splicing, the a preferred sequence
introduced 5' of the splice acceptor site comprises a lariat
consensus sequence and a pyrimidine stretch. For example,
the sequence upstream of the synthetic splice acceptor site
can be as follows:
TACTAACCTTCTTCTCTTTCTTCTCCTGACAG/ (SEQ
ID. No 57)

The lariat consensus sequence is underlined, the pyrimi-
dine stretch is bold, the 3' intron boundary is indicated by “/”.

In view of stability of the virus vector and the expression
rate of the heterologous sequence it can be important to intro-
duce the synthetic/modified sequence containing a lariat con-
sensus sequence and a pyrimidine stretch at a specific position
within the NS gene, e.g. directly upstream of the slice accep-
tor site.
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Furthermore, it may be necessary to vary the distance
between the lariat consensus sequence and the pyrimidine
stretch to modify the splicing rate of the NS segment (Plotch
S. and Krug R., 1986, Proc. Natl. Acad. Sci., 83, 5444-5448;
Nemeroff M. et al., 1992, Mol. Cell. Biol., 962-970).

In a preferred embodiment the replication deficient influ-
enza virus according to the invention comprises a nucleotide
sequence as shown in FIG. 1 (a-j) or is at least 96% homolo-
gous, alternatively at least 98% homologous.

In an additional embodiment, also a combination of at least
two replication deficient influenza viruses according to the
invention comprising at least one biologically active mol-
ecule or derivative or fragment thereof and at least one anti-
genic structure is claimed. Such combination comprising dif-
ferent heterologous sequences might be advantageous in view
of further increasing humoral as well as cellular immunoge-
nicity. For example, one of the vectors can contain a cytokine
or fragment or derivative thereof like IL.2 and a second virus
vector can comprise an antigenic peptide or polypeptide.

Alternatively the heterologous sequences can also com-
prise fusion proteins wherein cytokines or chemokines or
fragments or derivatives thereof are fused to antigenic pro-
teins or antigenic peptides or linked directly or via a linker
peptide to the NS1 protein derivative.

The present invention covers also a signal peptide compris-
ing part of the N-terminal amino acids of an NS1 protein, for
example 10-12 amino acids of the N-terminus of the NS1
protein, and a signal peptide or part thereof fused to the
C-terminus of said NS1 peptide. Said signal peptide can
consist of 8 to 30, preferably up to 50 amino acids.

The signal sequence can be derived from an antibody light
chain, preferably from an Ig kappa chain, more preferably
from mouse Ig kappa chain. According to an alternative
embodiment, the Ig Kappa chain can comprise at least 10
amino acids, more preferred at least 12 amino acids, for
example comprising the sequence METDTLLLWVLLL-
WVPGSTGD (SEQ ID. No. 11) or METDTLLLWVLLL-
WVPRSHG (SEQ ID No. 82) or part thereof.

A vaccine formulation comprising the replication deficient
influenza virus vector according to the invention is also cov-
ered.

According to the invention the replication deficient influ-
enza virus can be used for the preparation of a medicament for
therapeutic treatment in patients, for example for the treat-
ment of infectious diseases or cancer.

Methods of introduction include but are not limited to
intradermal, intramuscular, intraperitoneal, intravenous,
intranasal, epidural or oral routes. Introduction by intranasal
routes is preferred.

In a preferred embodiment it may be desirable to introduce
the medicament into the lungs by any suitable route. Pulmo-
nary administration can also be employed, using e.g. an
inhaler or nebulizer or formulate it with an aerosolizing agent.

The pharmaceutical preparation can also be delivered by a
controlled release system, like a pump.

The medicament according to the invention can comprise a
therapeutically effective amount of the replication deficient
virus and a pharmaceutically acceptable carrier. “Pharmaceu-
tically acceptable” means approved by regulatory authorities
like FDA or EMEA. The term “carrier” refers to a diluent,
adjuvant, excipient or vehicle with which the preparation is
administered. Saline solutions, dextrose and glycerol solu-
tions as liquid carriers or excipients like glucose, lactose,
sucrose or any other excipients as known in the art to be useful
for pharmaceutical preparations can be used. Additionally,
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also stabilizing agents can be included to increase shelflive of
the medicament.

Preferably, a ready-to-use infusion solution is provided.
Alternatively, the preparation can be formulated as powder
which s solved in appropriate aqueous solutions immediately
before application.

The amount of the pharmaceutical composition of the
invention which will be effective in the treatment of a par-
ticular disorder or condition will depend on the nature of the
disorder or condition, and can be determined by standard
clinical techniques. In addition, in vitro assays may option-
ally be employed to help identify optimal dosage ranges. The
precise dose to be employed in the formulation will also
depend on the route of administration, and the seriousness of
the disease or disorder, and should be decided according to
the judgment of the practitioner and each patient’s circum-
stances. However, suitable dosage ranges for administration
are generally about 10*-5x107 pfu and can be administered
once, or multiple times with intervals as often as needed.
Pharmaceutical compositions of the present invention com-
prising 10*-5x107 pfu of mutant replication deficient viruses
can be administered intranasally, intratracheally, intramuscu-
larly or subcutaneously Effective doses may be extrapolated
from dose-response curves derived from in vitro or animal
model test systems.

Furthermore, a vector comprising a nucleotide sequence
coding for a replication deficient influenza virus according to
the invention is covered.

If a DNA vector is used, said vector is a transcription
system for minus sense influenza RNA. For example it can be
avector as used by Hoffmann et al., 2000, Proc Natl Acad Sci
USA. 97:6108-13. Alternatively, also an RNA comprising the
sequence coding for the inventive replication deficient virus
can be used.

Method for producing the inventive replication deficient
influenza virus comprising the steps of: transfecting cells,
preferably Vero cells, with at least one vector comprising the
sequence for the inventive virus, incubating the transfected
cells to allow for the development of viral progeny containing
the heterologous protein is of course also covered by the
invention.

Alternatively, a method for producing a replication defi-
cient influenza virus is also provided, comprising the steps of:
transforming a cell, preferably a Vero cell, with a vector
comprising a nucleotide sequence coding for a replication
deficient influenza virus according to the invention preferably
together with a purified preparation of influenza virus RNP
complex, infecting the selected cells with an influenza helper
virus, incubating the infected cells to allow for the develop-
ment of viral progeny and selecting transformed cells that
express the modified NS gene and the heterologous sequence.

The foregoing description will be more fully understood
with reference to the following examples. Such examples are,
however, merely representative of methods of practicing one
or more embodiments of the present invention and should not
be read as limiting the scope of invention.

EXAMPLES
Example 1

Expression of Human Interleukin-2 from a Separate
Open Reading Frame

A cDNA coding for human IL.-2 was inserted into a modi-
fied NS segment of the influenza A strain Puerto Rico/8/34
that does not code for a functional NS1 protein. The NS1
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protein was terminated after amino acid 21 by means of an
artificially introduced Stop codon and thus does neither con-
tain the RNA binding domain nor the effector domain.

To allow IL-2 translation the artificially introduced NS1
stop codon overlaps with the Start codon of IL-2 to give the
sequence TAATG (SEQ ID No. 81). Two constructs were
generated (see FIG. 2).

In both constructs (deINS1-1[.-2-10 and deINS-1L.-2-11)
the IL-2 ¢cDNA including the overlapping Stop/start codon
replaces nucleotides 90-345 of the wild-type NS segment
corresponding to amino acids 22-106 of the NS1 protein.
Construct deINS-I[.-2-10 thus comprises the natural splice
acceptor site, the natural branch point 20 nucleotides
upstream of the splice acceptor site (Plotch et al. 1986, Proc
Natl Acad Sci USA. 83:5444-8; Nemeroff et al. 1992, Mol
Cell Biol. 12:962-70) as well as the natural 11-nucleotide
pyrimidine stretch of the wild-type NS segment. A lariat
consensus sequence (CTRAY or YNYYRAY) that is found
72 nucleotdides upstream of the 3' splicing site in the wild-
type NS segment is also present in the deINS-IL-2-10 seg-
ment.

In addition, in the deINS1-IL.-2-11 segment a synthetic
sequence of 29 nucleotides comprising a lariat consensus
sequence followed by a 20-base pyrimidine stretch segment
replaces nucleotides 361-525 of the wild-type NS segment
corresponding to amino acids 112-166 of the NS1 protein.
Thus also the natural branch point, the pyrimidine stretch as
well as the lariat consensus sequence found 72 bases
upstream of the 3' splicing site in the NS segment were
replaced.

Furthermore, in both chimeric IL-2 NS segments the
sequence downstream of the 5' intron boundary was changed
to achieve 100% complementarity to the 5' end of the human
Ul snRNA (i.e. /GTAGATTG as found in the wild type NS
segment was changed to GTAAGTAT). In addition a
methionine found in alternative reading frame at position 76
of the wild-type NS segment was changed to a valine. Thus
the amino acid sequence of the truncated NS1 protein is
MDPNTVSSFQVSIFLWRVRKR (letters shown underlined
in bold denote changes from the wild-type NS sequence,
(SEQ ID No. 59).

Description of the deINS1-I[.-2-10 segment as shown in
FIG. 1a: the ORF is consisting of the truncated NS1, i.e. the
nucleotides 27-92; the human IL-2 ORF consists of nucle-
otides 92-553; The 5' intron boundary is located between
nucleotides 56 and 57; the 3' intron boundary is between
nucleotides 739 and 740 (SEQ ID No 1).

Description of the deINS1-I[.-2-11 segment as shown in
FIG. 1b: the ORF of'the truncated NS1 consists of nucleotides
27-92; the human IL-2 ORF consists of nucleotides 92-553;
the splice donor site is between nucleotides 56 and 57; the
splice acceptor site is between nucleotides 603 and 604 (SEQ
1D No 2);

Plasmid Constructions

As a backbone for construction of chimeric human Inter-
leukin-2 NS segments the plasmid pKW2000 was used.
pKW2000 was obtained by deleting the CMV promoter in
pHW2000 (Hoftmann et al. 2000, Proc Natl Acad Sci USA.
97:6108-13). Thus upon transfection only VRNA is tran-
scribed from pKW2000 derivatives.

DeINS1-I1.-2-10 and deINS1-I1.-2-11 segments were con-
structed by PCR standard methods and cloned into pK W2000
to yield the plasmids pKW-deINS-I1.2-10 and pKW-deINS-
IL-2-11, respectively. Analogously, a pKW2000 derivative
containing the PR8 deINS segment (Garcia-Sastre etal. 1998,
Virology. 252:324-30) was constructed (pKW-deINS1).
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PA, PB1, PB2, HA, NA, M and NP segments derived from
a Vero-cell adapted influenza A HIN1 virus strain (GHBO1)
were cloned into pHW2000.

All plasmids were sequenced to ensure the absence of
unwanted mutations.

Generation of Viruses

Vero cells were maintained in DMEM/F12 medium con-
taining 10% foetal calf serum and 1% Glutamax-I supple-
ment at 37° C.

For virus generation seven pHW2000 derivatives contain-
ing the segments PA, PB1, PB2, HA, NA, M and NP derived
from GHBO1 as well as two protein expression plasmids
coding for Influenza A PR8 NS1 (pCAGGS-NS1(SAM);
(Salvatore et al. 2002, J. Virol. 76:1206-12)) and NEP
(pcDNA-NEP) were used together with either pK W-deINS-
1L-2-10, pKW-deINS-IL.-2-11 or pKWdeINS1 for cotrans-
fection of Vero cells. Following transfection, to support virus
replication Vero cells were cultured in serum-free medium
(Opti-Pro; Invitrogen) in the presence of 5 pg/ml trypsin.
Three days after transfection 50-100% CPE was observed and
rescued viruses were frozen or further amplified on Vero cells.
In addition chimeric IL.-2 expressing viruses were plaque
purified once. After amplification on Vero cells several
plaques were frozen for further analysis.

The generated viruses are designated GHB-1L-2-10, GHB-
IL-2-11 and GHBO1.

Analysis of Interleukin-2 Expression

Vero cells were infected at a multiplicity of infection of 0.1
with GHB-deINS1, GHB-IL-2-10 or GHB-IL-2-11 and incu-
bated for 16 h at 37° C. in serum-free medium in the presence
of 1 pug/ml trypsin. Subsequently, foetal calf serum (final
concentration 10%) as well as soy bean trypsin inhibitor (final
concentration 100 pg/ml) was added and incubation at 37° C.
was continued for another 24 h.

Supernatants were analysed for secreted IL.-2 by ELISA.

IL-2 expression was found to be about 5-fold higher for the
GHB-IL-2-10 virus compared to the GHB-IL-2-11 virus (see
FIG. 3). As expected, no IL.-2 was detected in supernatants
infected with GHBOL1 virus lacking the I1.-2 cDNA.

The human-IL.2 expression level in Vero cells was approx.
2600 pg/ml in GHB-IL-2-10 and approx. 500 pg/ml GHB-
IL-2-11. In contrast, the expression level according to the
state of the art was between 250-350 pg/ml (Kittel et al., 2005,
s.above).

Analysis of Virus Stability

Chimeric IL-2 influenza viruses obtained either directly
after transfection or after one round of plaque purification
were serially passaged five times on Vero cells. RNA was
extracted using a ViralAmp kit (Qiagen) and reverse tran-
scribed. Whole NS segments were PCR amplified and sub-
jected to agarose gel electrophoresis to evaluate the presence
of deletions.

As shown in FIG. 4, deletion bands were found for all
GHB-IL-2-10 virus samples regardless of plaque purifica-
tion. In contrast, PCR products obtained for the GHB-IL-2-11
virus samples migrated at the expected size (see FIG. 4).

Example 2

Expression of Human Interleukin-2 from the NS1
Open Reading Frame

A cDNA coding for human IL.-2 was inserted into a modi-
fied NS segment of the influenza A strain Puerto Rico/8/34
that does not code for a functional NS1 protein. In contrast to
example 1, the IL-2 cDNA was directly fused to a truncated
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(12 amino acid) NS1 protein. Thus, IL-2 is expressed from the
NS1 open reading frame (see FIG. 1¢, deINS1-I1L-2-14)

To allow IL.-2 secretion, a cDNA coding for the mature
IL-2 was fused to the first 12 aa of the NS1 protein via a
modified Ig kappa signal peptide resulting in the following
amino acid sequence:
MDPNTVSSFQVS-LLLWVLLLWVPGSTG-
APTSSSTKKTQLQLEHLLLDLOQMILNGINNYKNPK
LTRMLTFKFYMPKKATELKHLQ
CLEEELKPLEEVINLAQSKNFHI R-
PRDLISNINVIVLELKGSETTFMCEYA-DETATIVEFL
NRWITFCQSIISTLT
(SEQ ID No. 60).

The first 12 amino acids of the above sequence correspond
to the truncated NS1 protein, the amino acids corresponding
to the modified mouse Ig kappa signal peptide are depicted in
italic bold letter, and the remaining amino acid sequence
corresponds to the mature human IL.-2.

Description of the deINS1-11.-2-14 segment: ORF of the
NS1-IgKappa-IL-2 fusion: nucleotides 27-509; Splice donor
site between nucleotides 56 and 57; Splice acceptor site
between nucleotides 559 and 560 (FIG. 1¢)

Virus generation and analysis of I[.-2 expression was done
as described in example 1. The generated viruses was desig-
nated GHB-IL-2-14.

IL-2 expression levels were found to be about 17-times
higher than for GHB-IL-2-11 (see FIG. 5). Thus, high level
IL-2 expression from the truncated NS1 open reading frame is
feasible.

Example 3

Influence of the Sequence Surrounding the Splice
Donor Site on IL.-2 Expression

To analyse the influence of the sequence surrounding the
splice donor site on IL-2 expression, deINS1-IL.-2-11 and
deINS1-IL-2-14 were further modified. DeINS1-IL-2-13 was
constructed from deINS1-I[.-2-11 by changing the 8 nucle-
otides downstream of the 5' intron boundary from /GTAAG-
TAT to /GTAGATTG as found in the wild type PR8 NS
segment (nucleotides complementary to the 5' end of the
human U1 snRNA are shown in bold italic letters, the 5' intron
boundary is indicated by “/’). The deINS1-11.2-13 sequence
is shown in FIG. 1d. Similarly, deINS1-I[.-2-21 was con-
structed from deINS1-IL-2-14 by changing the sequence/
GTAAGTCT to /GTATTTGC (nucleotides complementary
to the 5' end of the human U1 snRNA are shown in bold italic
letters, the 5' intron boundary is indicated by “/”).

The deINS1-11.2-21 sequence is shown in FIG. 1e.

Thus, in both constructs homology to the 5' end of the Ul
snRNA was decreased when compared to their progenitor
constructs.

For deINS1-1L.-2-13 the amino acid sequence for the trun-
cated NS1 protein is: MDPNTVSSFQVDCFLWRVRKR
(SEQ ID NO. 61)

For deINS1-1L-2-21 the amino acid sequence for the NS1-
IgK signal peptide-1L.-2 fusion protein is: MDPNTVSSFQV-
FALLWVLLLWVPGSTG-APTSSSTKKTQLQLE-
HLLLDLOMILNGINNYKNPKLTRMLTFKFYMPK
KATELKHLQC LEEELKPLEEVLNLAQSKNFHLR-
PRDLISNINVIVLELKGSETTFMCEYADETATIVEF
LNRWITFCQSIISTLT (SEQ ID NO. 62)

The first 11 amino acids of the above sequence correspond
to the truncated NS1 protein, the amino acids corresponding
to the modified mouse Ig kappa signal peptide are depicted in
italic bold letter, and the remaining amino acid sequence
corresponds to the mature human IL.-2.

Viruses were generated and analysed for IL-2 expression as
described in example 1. The generated viruses were desig-
nated GHB-IL-2-13 and GHB-IL-2-21. Genetic stability of
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the deINS1-1L-2-13 and deINS1-11-2-21 segment was analy-
sed after 5 consecutive passages on Vero cells as described in
example 1.

IL-2 expression levels were found to be higher for the
respective constructs that have a lower homology to the Ul
sRNA around their splice donor site (see FIG. 5). Levels for
GHB-IL-2-13 were found to be about 13-times higher than
for the corresponding virus that exhibits a high homology to
the Ul snRNA (GHB-IL-2-13; 9.4 ng/ml versus 0.7 ng/ml;
FIG. 5). Similarly, IL-2 levels for GHB-IL.-2-21 were found
to be roughly 2.6-times higher than for GHB-IL.-2-14 (31.1
ng/ml versus 12.1 ng/ml; FIG. 5).

Thus, by modifying the sequence around the NS splice
donor site IL.-2 expression levels can be tuned.

For both viruses, deINS1-1L-2-13 and deINS1-11-2-21 no
deletion bands were found after 5 consecutive passages indi-
cating genetic stability.

Example 4

Expression of IL.-2 from a Separate Open Reading
Frame: Translation Initiation Via a Kozak Consensus
Sequence

The stop/start codon sequence in deINS1-IL-2-11 was
replaced by a Kozak consensus sequence (i.e. the TAATG was
replaced with TAAGCCGCCACCATG; the stop and start
codon are indicated in bold underlined letters, SEQ ID No.
63) to yield the segment deINS1-I1.-2-17.

The deINS1-I1.-2-17 nucleotide sequence is shown in FIG.
I

Virus generation and analysis of IL-2 expression for GHB-
1L-2-17 was performed as described in example 1. IL-2
expression levels were found to be about twice as high as for
GHB-IL-2-11 (data not shown).

Example 5

Expression of Human IL.-15 from the NS1 Open
Reading Frame

A cDNA coding for human IL-15 is inserted into a modi-
fied NS segment of the influenza A strain Puerto Rico/8/34
that does not code for a functional NS1 protein. To allow
secretion, the a cDNA encoding mature IL.-15 is fused to a
truncated (11 amino acid) NS1 ORF via a modified mouse Ig
kappa signal peptide resulting in the following amino acid
sequence: MDPNTVSSFQV-FALL WVLLLWVPRSHG-
NWVNVISDLKKIEDLIQSMHIDAT-
LYTESDVHPSCKVTAMKCFLLELQVISLESGDASI
HDTVENLIILANNSLSSNGNVTESGCK-
ECEELEEKNIKEFLQSFVHIVQMFINTS (SEQ ID No.
69).

The first 11 amino acids of the above sequence correspond
to the truncated NS1 protein, the amino acids corresponding
to the modified mouse Ig kappa signal peptide are depicted in
italic bold letter, and the remaining amino acid sequence
corresponds to the mature human IL-15.

The resulting chimeric IL-15 NS segment is referred to as
deINS1-IL-15-21.  The deINSI-IL-15-21 nucleotide
sequence is shown in FIG. 1g

Virus generation is performed as described in example 1.

IL-15 expression levels in the supernatants of infected Vero
cells were assessed by ELISA and were found to be in the
range of 1-2 ng/ml.
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Example 6

Expression of Human GM-CSF from the NS1 Open
Reading Frame

A cDNA coding for human GM-CSF is inserted into a
modified NS segment of the influenza A strain Puerto Rico/
8/34 that does not code for a functional NS1 protein. To allow
secretion, the mature GM-CSF ¢DNA is fused to a truncated
(11 amino acid) NS1 protein via a modified mouse Ig kappa
signal peptide resulting in the following amino acid sequence:
MDPNTVSSFQV-FALLWVLLLWVPRSHG-APARSPSP-
STQPWEHVNAIQEARRLLNLSRDTAAEM-
NETVEVISEMFDLQEPTCLQ TRLELYKQGLRGSLT-
KLKGPLTMMASHYKQHCP
PTPETSCATQIITFESFKENLKDF LILVIPFDCWEPVQE
(SEQID NO. 64)

The first 11 amino acids of the above sequence correspond
to the truncated NS1 protein, the amino acids corresponding
to the modified mouse Ig kappa signal peptide are depicted in
italic bold letter, and the remaining amino acid sequence
corresponds to the mature human GM-CSF.

The resulting chimeric GM-CSF NS segment is referred to
as deINS1-GM-CSF-21.

The deINS1-GM-CSF-21 nucleotide sequence is shown in
FIG. 1%

Virus generation is performed as described in example 1.

Example 7

Expression of Human CCL-3 from the NS1 Open
Reading Frame

A cDNA coding for human CCL-3 (MIP-lalpha) is
inserted into a modified NS segment of the influenza A strain
Puerto Rico/8/34 that does not code for a functional NS1
protein.

To allow secretion, the mature CCL-3 ¢cDNA is fused to a
truncated (11 amino acid) NS1 protein via a modified mouse
Ig kappa signal peptide resulting in the following amino acid
sequence: ~MDPNTVSSFQV-FALLWVLLLWVPRSHG-
APLAADTPTACCFSYTSRQIPQNFIADY-
FETSSQCSKPSVIFLTKRGRQVCADPSEE WVQKYVS-
DLELSA (SEQ ID NO. 65)

The first 11 amino acids of the above sequence correspond
to the truncated NS1 protein, the amino acids corresponding
to the modified mouse Ig kappa signal peptide are depicted in
italic bold letter, and the remaining amino acid sequence
corresponds to the mature human CCL-3.

The resulting chimeric CCL-3 NS segment is referred to as
deINS1-CCL-3-21. The deINS1-CCL-3-21 nucleotide
sequence is shown in FIG. 1/

Virus generation is performed as described in example 1.

Example 8

Expression of Human CCL-20 from the NS1 Open
Reading Frame

A cDNA coding for human CCL-20 (MIP-3alpha) was
inserted into a modified NS segment of the influenza A strain
Puerto Rico/8/34 that does not code for a functional NS1
protein.

To allow secretion, the mature CCL-20 cDNA was fused to
atruncated (11 amino acid) NS1 protein viaa modified mouse
Ig kappa signal peptide resulting in the following amino acid
sequence: ~MDPNTVSSFQV-FALLWVLLLWVPRSHG-
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ASNFDCCLGYTDRILHPKFIVG-
FTRQLANEGCDINAITFHTKKKLSVCANPKQTWVKY]I
VRLLSKKVKNM (SEQ ID NO. 66)

The first 11 amino acids of the above sequence correspond
to the truncated NS1 protein, the amino acids corresponding
to the modified mouse Ig kappa signal peptide are depicted in
italic bold letter, and the remaining amino acid sequence
corresponds to the mature human CCL-20.

The resulting chimeric CCL-20 NS segment is referred to
as deINS1-CCL-20-21.

The deINS1-CCL-20-21 nucleotide sequence is shown in
FIG. 15

Virus generation is performed as described in example 1.

CCL-20 expression levels in the supernatants of infected
Vero cells were assessed by ELISA was found to be in the
range of 25 ng/ml.

Example 9

Expression of Secreted Mycobacterium Tuberculosis
ESAT-6 from the NS1 Open Reading Frame

A cDNA coding for mycobacterium tuberculosis ESAT-6
was inserted into a modified NS segment of the influenza A
strain Puerto Rico/8/34 that does not code for a functional
NS1 protein.

To allow secretion, an ESAT-6 cDNA was fused to a trun-
cated (11 amino acid) NS1 protein via a modified mouse Ig
kappa signal peptide resulting in the following amino acid
sequence:  MDPNTVSSFQV-FALLWVLLLWVPRSHG-
MTEQQWNFAGIEAAASAIQGNVTSIH-

SLLDEGKQSLTKLAAAWGGSGSEAYQGVQ QKW-

DATATELNNALQNLARTISEAGQAMASTEGNVTGMFA

(SEQ ID NO. 70)

The first 11 amino acids of the above sequence correspond
to the truncated NS1 protein, the amino acids corresponding
to the modified mouse Ig kappa signal peptide are depicted in
italic bold letter, and the remaining amino acid sequence
corresponds to ESAT-6.

The resulting chimeric ESAT-6 NS segment is referred to
as deINS1-ESAT-6s-21.

The deINS1-ESAT-6s-21 nucleotide sequence is shown in
FIG. 1%

Virus generation was performed as described in example 1.

Example 10

Intracellular Expression of Mycobacterium
Tuberculosis ESAT-6 from the NS1 Open Reading
Frame

A cDNA coding for mycobacterium tuberculosis ESAT-6
was inserted into a modified NS segment of the influenza A
strain Puerto Rico/8/34 that does not code for a functional
NS1 protein.

In contrast to example 9 an ESAT-6 cDNA was directly
fused (i.e. without an amino acid sequence acting as a signal
peptide) to a truncated (11 amino acid) NS1 protein resulting
in the following amino acid sequence: MDPNTVSSFQV-
FAMTEQQWNFAGIEAAASAIQGNVTSIH-
SLLDEGKQSLTKLAAA  WGGSGSEAYQGVQQKW-

DATATELNNALQNLARTISEAGQAMASTEGNVTGMFA

(SEQ IDNO. 71)

The first 11 amino acids of the above sequence correspond
to the truncated NS1 protein, while the amino acid sequence
shown in italic bold letters corresponds to ESAT-6.
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The resulting chimeric ESAT-6 NS segment is referred to
as deINS1-ESAT-6i-21.
The deINS1-ESAT-6i-21 nucleotide sequence is shown in
FIG. 17
Virus generation was performed as described in example 1.

Example 11

Expression of IL-2 from the NS1 Open Reading
Frame Using Alternative Signal Peptide Sequences

The deINS1-11.2-21 segment (example 3) was modified by
replacing the partial mouse IgK signal peptide sequence with
other sequences. For deINS1-11.2-23 the amino acid sequence
LLWVLLLWVPGSTG (SEQ ID No. 58) in deINS1-IL.2-21
was replaced by the sequence WVLFILLLFLFLPRSHG
(SEQ ID No. 72) resulting in the amino acid sequence MDP-
NTVSSFQVFAWVLFILLLFLFLPRSHG-APTSSSTKK-
TQLQLEHLLLDLOQMILNGINNYKNPKL-
TRMLTFKFYMPKKATELKHLQC
LEEELKPLEEVLNLAQSKNFHLR-
PRDLISNINVIVLELKGSETTFMCEYADETATIVEF
LNRWITFCQSIISTLT (SEQ ID No. 73).

The deINS1-11.2-23 nucleotide sequence is shown in FIG.
1m.

For deINS1-11.2-24 the amino acid sequence LLWVLLL-
WVPGSTG (SEQIDNo. 58)in deINS1-11.2-21 was replaced
by the sequence AGAALLALLAALLPASRA (SEQ ID No.
74) which is derived from the human epidermal growth factor
(hEGF) signal peptide (MRPSGTAGAALLALLAAL-
CPASRA, (SEQ ID No. 75)) resulting in the amino acid
sequence MDPNTVSSFQVFAAGAALLALLAALL-
PASRAAPTSSSTKKTQLQLEHLLLDLOQMILN GIN-
NYKNPKLTRMLTFKFYMP-
KKATELKHLQCLEEELKPLEEVLNLAQSKNFHLRPR
DLISNINVIVLELKGSETTFMCEYADE-
TATIVEFLNRWITFCQSIISTLT (SEQ ID No. 76).

The deINS1-11.2-24 nucleotide sequence is shown in FIG.
1n.

Virus generation was performed as described in example 1.

IL.-2 expression levels in the supernatants of infected Vero
cells were assessed by ELISA.

Thus, the partial mouse IgK signal peptide can be replaced
by other sequences acting as a signal peptide.

Example 12

Modification of Sequences Surrounding the Splice
Donor and Acceptor Site Affects NS Splicing
Efficiency

To analyse the influence of the sequences surrounding the
intron boundaries on splicing efficiency deINS1-1[.-2-10 (see
example 1) was further modified. DeINS1-1.-2-12 was con-
structed from deINS1-1L-2-10 by changing the 8 nucleotides
downstream of the 5' intron boundary from /GTAAGTAT to
/GTAGATTG as found in the wild type PR8 NS segment
(nucleotides complementary to the 5' end of the human U1
snRNA are shown in bold italic letters, the splice donor site is
indicated by “/”). Otherwise the deINS1-IL-2-12 nucleotide
sequence is identical to deINS1-1[.-2-10.

Virus generation was done as described in example 1.

Genetic stability of the deINS1-IL-2-12 segment was
analysed after 5 consecutive passages as described in
example 1. Clear deletion bands were found (data not shown).

To analyse splicing efficacy, Vero cells were cotransfected
with four plasmids expressing PB1, PB2, PA and NP proteins
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along with a plasmid expressing VRNA of deINS1-11.-2-10,
deINS1-IL-2-11 (see example 1), deINS1-IL-2-12 or
deINS1-11.-2-13 (see example 3).

24 hours later mRNA was extracted from transfected cells
and analysed for spliced and unspliced deINS1-IL.-2 mRNA
species by Real Time PCR.

The following table summarises the sequence modifica-
tions performed either 3' to the splice donor site or 5' to the
splice acceptor site as well as genetic stability and IL.-2
expression levels (IL-2 expression for deINS1-I.-2-10 and
delLNS1-1L.-2-12 are not given since both segments appeared
genetically unstable).

deINSI-  deINS1-  deINS1- deINS1-
segment IL-2-12 IL-2-10 IL-2-13 IL-2-11
Sequence 3' to wild-type modified  wild-type modified
splice donor site
Sequence 5'to 3’ wild-type  wild-type modified modified
splice acceptor site
Genetic stability negative  negative  positive positive
IL-2 expression na na 8ng 700 pg

As shown in FIG. 7, deINS1-IL.-2 mRNA splicing can be
altered by either modifying the sequence surrounding the
splice donor site or the sequences 5' to the splice acceptor site.

It is also apparent, that increasing splicing efficiency above
a certain threshold necessary to achieve genetic stability
reduces IL-2 expression (deINS1-11.-2-13 versus deINS1-IL-
2-11).

Example 13

Expression of Human Interleukin-2 from a Separate
Open Reading Frame of Influenza B

A cDNA coding for human IL.-2 was inserted into a modi-
fied NS segment of the influenza B strain B/Vienna/33/06.
The NS1 protein was terminated after amino acid 38 by
means of an artificially introduced Stop codon and thus does
neither contain the RNA binding domain nor C-terminal
domain of NS1.

To allow IL-2 translation the artificially introduced NS1
stop codon overlaps with the Start codon of IL-2 to give the
sequence TAATG. A schematic expression scheme is given in
FIG. 8. In this construct (ANS1-38IL.2), the I[.-2 cDNA
including the overlapping Stop/start codon replaces nucle-
otides 159-728 of the wild-type NS segment corresponding to
amino acids 38-228 of the NS1 protein.
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In this construct, a synthetic sequence of 29 nucleotides
comprising a lariat consensus sequence followed by a 20-base
pyrimidine stretch segment replaces the natural splice accep-
tor site plus the natural pyrimidine stretch analogous to the
influenza A construct deINS1-I1L-2-11.

Description of the ANS1-3811.2 segment as shown in FIG.
8: the ORF of the truncated NS1 consists of nucleotides
45-158; the human IL-2 ORF consists of nucleotides 161-
619; the 5' intron boundary is between nucleotides 77 and 78;
the 3' intron boundary is between nucleotides 657 and 658.
Generation of Plasmids and Viruses

Plasmids for influenza B Viruses were generated analogous
to the influenza A plasmids using standard cloning tech-
niques. HA and NA derived from a Vero-cell adapted influ-
enza B/Thiiringen/2/06 strain and PA, PB1, PB2, M and NP
segments derived from a Vero-cell adapted influenza B/Vi-
enna/33/06 virus strain and were cloned into pHW2006. All
plasmids were sequenced to ensure the absence of unwanted
mutations.

The IL2 expressing influenza virus was generated as
described for influenza A and designated ANS1-381L.2.
Analysis of Virus Stability

Chimeric IL.-2 influenza viruses obtained directly after
transfection were serially passaged four times on Vero cells.
RNA was extracted using a ViralAmp kit (Qiagen) and
reverse transcribed. Whole NS segments were PCR amplified
and subjected to agarose gel electrophoresis to evaluate the
presence of deletions. PCR products obtained for the ANS1-
38112 virus samples after 1 and 4 passages migrated at the
expected size, indicating that the IL2 expressing vector is
stable.

Immunogenicity in Mice

To investigate the immunogenic potential, mice were
immunized with 1*10° TCIDs/mouse with wt influenza B
Virus, ANS1-381L.2, ANS1-38 (a control Virus which was
constructed similar to ANS1-38IL2 but without the insertion
of IL.2) or PBS as a control. Four weeks post immunization,
mice were challenged with 2*#10° TCID,,/mouse of homolo-
gous influenza B wt virus. Three days post infection, mice
were sacrificed and viral replication was investigated in lungs
and nasal turbinates were. Mice which were immunized with
the wt influenza Virus were protected in lungs and noses
whereas in the control mice immunized with PBS, viral titres
of approximately 3 logs in both, nasal and lung tissues. At the
dose of 1*10° TCID,,/mouse none of the mice immunized
with ANS1-38 was protected from wt influenza challenge
manifesting nasal and lung tissues comparable to the naive
animals. In contrast, no virus could be isolated from any
mouse immunized with virus ANS1-381L.2 at the same dose,
indicating that all mice were protected.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 82
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 1101
TYPE: DNA
ORGANISM: human
<400> SEQUENCE: 1
agcaaaagca gggtgacaaa

gtatctttet ttggegtgte

tgcactaagt cttgcacttg

aacataatgyg atccaaacac tgtgtcaage tttcaggtaa

cgcaaacgat aatgtacagg atgcaactce tgtcttgeat

tcacaaacag tgcacctact tcttegtega caaagaaaac

60

120

180
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acagctacaa ctggagcatt tactgctgga tttacagatg attttgaatg gaattaataa 240
ttacaagaat cccaaactca ccaggatgct cacatttaag ttttacatgce ccaagaaggce 300
cacagaactg aaacatcttc agtgtctaga agaagaactc aaacctctgg aggaagtgct 360
aaatttagct caaagcaaaa actttcactt aagacccagg gacttaatca gcaatatcaa 420
cgtaatagtt ctggaactaa agggatctga aacaacattc atgtgtgaat atgctgatga 480
gacagcaacc attgtagaat ttctgaacag atggattacc ttttgtcaaa gcatcatctce 540
aacactaact tgataaccaa gcagaaagtg gcaggcccte tttgtatcag aatggaccag 600
gcgatcatgyg ataagaacat catactgaaa gcgaacttca gtgtgatttt tgaccggetg 660
gagactctaa tattgctaag ggctttcacc gaagagggag caattgttgg cgaaatttca 720
ccattgectt ctcttecagg acatactget gaggatgtca aaaatgcagt tggagtecte 780
atcgggggac ttgaatggaa tgataacaca gttcgagtet ctgaaactct acagagatte 840
gcttggagaa gcagtaatga gaatgggaga cctccactca ctccaaaaca gaaacgagaa 900
atggcgggaa caattaggtc agaagtttga agaaataaga tggttgattyg aagaagtgag 960
acacaaactg aagataacag agaatagttt tgagcaaata acatttatgc aagccttaca 1020
tctattgett gaagtggagce aagagataag aactttctecg tttcagctta tttaataata 1080
aaaaacaccc ttgtttctac t 1101
<210> SEQ ID NO 2
<211> LENGTH: 965
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 2
agcaaaagca gggtgacaaa aacataatgg atccaaacac tgtgtcaagce tttcaggtaa 60
gtatctttet ttggecgtgte cgcaaacgat aatgtacagg atgcaactcc tgtcttgeat 120
tgcactaagt cttgcacttg tcacaaacag tgcacctact tcttegtcga caaagaaaac 180
acagctacaa ctggagcatt tactgctgga tttacagatg attttgaatg gaattaataa 240
ttacaagaat cccaaactca ccaggatgct cacatttaag ttttacatgce ccaagaaggce 300
cacagaactg aaacatcttc agtgtctaga agaagaactc aaacctctgg aggaagtgct 360
aaatttagct caaagcaaaa actttcactt aagacccagg gacttaatca gcaatatcaa 420
cgtaatagtt ctggaactaa agggatctga aacaacattc atgtgtgaat atgctgatga 480
gacagcaacc attgtagaat ttctgaacag atggattacc ttttgtcaaa gcatcatctce 540
aacactaact tgataaccaa gcagaaagtg gtactaacct tcttectettt cttctectga 600
caggacatac tgctgaggat gtcaaaaatg cagttggagt cctcatcggyg ggacttgaat 660
ggaatgataa cacagttcga gtctctgaaa ctctacagag attcgettgg agaagcagta 720
atgagaatgg gagacctcca ctcactccaa aacagaaacg agaaatggceyg ggaacaatta 780
ggtcagaagt ttgaagaaat aagatggttg attgaagaag tgagacacaa actgaagata 840
acagagaata gttttgagca aataacattt atgcaagcct tacatctatt gcttgaagtg 900
gagcaagaga taagaacttt ctcgtttcag cttatttaat aataaaaaac acccttgttt 960
ctact 965

<210> SEQ ID NO 3
<211> LENGTH: 921
<212> TYPE: DNA
<213> ORGANISM: human
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<400> SEQUENCE: 3
agcaaaagca gggtgacaaa aacataatgg atccaaacac tgtgtcaagce tttcaggtaa 60
gtetectget ttgggtactg ctgetcetggg tteccaggtte cactggtgca cctacttett 120
cgtcgacaaa gaaaacacag ctacaactgg agcatttact gcetggattta cagatgattt 180
tgaatggaat taataattac aagaatccca aactcaccag gatgctcaca tttaagtttt 240
acatgcccaa gaaggccaca gaactgaaac atcttcagtyg tctagaagaa gaactcaaac 300
ctetggagga agtgctaaat ttagctcaaa gcaaaaactt tcacttaaga cccagggact 360
taatcagcaa tatcaacgta atagttctgg aactaaaggg atctgaaaca acattcatgt 420
gtgaatatgce tgatgagaca gcaaccattg tagaatttct gaacagatgg attacctttt 480
gtcaaagcat catctcaaca ctaacttgat aaccaagcag aaagtggtac taaccttett 540
ctetttette tcectgacagg acatactget gaggatgtca aaaatgcagt tggagtecte 600
atcgggggac ttgaatggaa tgataacaca gttcgagtet ctgaaactct acagagatte 660
gcttggagaa gcagtaatga gaatgggaga cctccactca ctccaaaaca gaaacgagaa 720
atggcgggaa caattaggtc agaagtttga agaaataaga tggttgattyg aagaagtgag 780
acacaaactg aagataacag agaatagttt tgagcaaata acatttatgc aagccttaca 840
tctattgett gaagtggagce aagagataag aactttcteg tttcagcetta tttaataata 900
aaaaacaccc ttgtttctac t 921
<210> SEQ ID NO 4
<211> LENGTH: 965
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 4
agcaaaagca gggtgacaaa aacataatgg atccaaacac tgtgtcaagce tttcaggtag 60
attgctttet ttggegtgtce cgcaaacgat aatgtacagyg atgcaactcce tgtcttgcat 120
tgcactaagt cttgcacttg tcacaaacag tgcacctact tcttegtcga caaagaaaac 180
acagctacaa ctggagcatt tactgctgga tttacagatg attttgaatg gaattaataa 240
ttacaagaat cccaaactca ccaggatgct cacatttaag ttttacatgce ccaagaaggce 300
cacagaactg aaacatcttc agtgtctaga agaagaactc aaacctctgg aggaagtgct 360
aaatttagct caaagcaaaa actttcactt aagacccagg gacttaatca gcaatatcaa 420
cgtaatagtt ctggaactaa agggatctga aacaacattc atgtgtgaat atgctgatga 480
gacagcaacc attgtagaat ttctgaacag atggattacc ttttgtcaaa gcatcatctce 540
aacactaact tgataaccaa gcagaaagtg gtactaacct tcttectettt cttctectga 600
caggacatac tgctgaggat gtcaaaaatg cagttggagt cctcatcggyg ggacttgaat 660
ggaatgataa cacagttcga gtctctgaaa ctctacagag attcgettgg agaagcagta 720
atgagaatgg gagacctcca ctcactccaa aacagaaacg agaaatggceyg ggaacaatta 780
ggtcagaagt ttgaagaaat aagatggttg attgaagaag tgagacacaa actgaagata 840
acagagaata gttttgagca aataacattt atgcaagcct tacatctatt gcttgaagtg 900
gagcaagaga taagaacttt ctcgtttcag cttatttagt actaaaaaac acccttgttt 960
ctact 965

<210> SEQ ID NO 5
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<211> LENGTH: 921
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 5
agcaaaagca gggtgacaaa aacataatgg atccaaacac tgtgtcaage tttcaggtat 60
ttgcectget ttgggtactg ctgctetggg ttecaggtte cactggtgea cctacttett 120
cgtcgacaaa gaaaacacag ctacaactgg agcatttact gcetggattta cagatgattt 180
tgaatggaat taataattac aagaatccca aactcaccag gatgctcaca tttaagtttt 240
acatgcccaa gaaggccaca gaactgaaac atcttcagtyg tctagaagaa gaactcaaac 300
ctetggagga agtgctaaat ttagctcaaa gcaaaaactt tcacttaaga cccagggact 360
taatcagcaa tatcaacgta atagttctgg aactaaaggg atctgaaaca acattcatgt 420
gtgaatatgce tgatgagaca gcaaccattg tagaatttct gaacagatgg attacctttt 480
gtcaaagcat catctcaaca ctaacttgat aaccaagcag aaagtggtac taaccttett 540
ctetttette tcectgacagg acatactget gaggatgtca aaaatgcagt tggagtecte 600
atcgggggac ttgaatggaa tgataacaca gttcgagtet ctgaaactct acagagatte 660
gcttggagaa gcagtaatga gaatgggaga cctccactca ctccaaaaca gaaacgagaa 720
atggcgggaa caattaggtc agaagtttga agaaataaga tggttgattyg aagaagtgag 780
acacaaactg aagataacag agaatagttt tgagcaaata acatttatgc aagccttaca 840
tctattgett gaagtggagce aagagataag aactttcteg tttcagcetta tttaataata 900
aaaaacaccc ttgtttctac t 921
<210> SEQ ID NO 6
<211> LENGTH: 975
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 6
agcaaaagca gggtgacaaa aacataatgg atccaaacac tgtgtcaagce tttcaggtaa 60
gtatctttet ttggegtgte cgcaaacgat aagccgecac catgtacagg atgcaactcece 120
tgtcttgcat tgcactaagt cttgcacttg tcacaaacag tgcacctact tcttegtcga 180
caaagaaaac acagctacaa ctggagcatt tactgctgga tttacagatg attttgaatg 240
gaattaataa ttacaagaat cccaaactca ccaggatgct cacatttaag ttttacatgce 300
ccaagaaggc cacagaactg aaacatcttc agtgtctaga agaagaactc aaacctctgg 360
aggaagtgct aaatttagct caaagcaaaa actttcactt aagacccagyg gacttaatca 420
gcaatatcaa cgtaatagtt ctggaactaa agggatctga aacaacattc atgtgtgaat 480
atgctgatga gacagcaacc attgtagaat ttctgaacag atggattacc ttttgtcaaa 540
gcatcatcte aacactaact tgataaccaa gcagaaagtg gtactaacct tcttectettt 600
cttectectga caggacatac tgctgaggat gtcaaaaatg cagttggagt cctcatcgga 660
ggacttgaat ggaatgataa cacagttcga gtctctgaaa ctctacagag attcgettgg 720
agaagcagta atgagaatgg gagacctcca ctcactccaa aacagaaacyg agaaatggcg 780
ggaacaatta ggtcagaagt ttgaagaaat aagatggttg attgaagaag tgagacacaa 840
actgaagata acagagaata gttttgagca aataacattt atgcaagcct tacatctatt 900
gcttgaagtyg gagcaagaga taagaacttt ctcgtttcag cttatttagt actaaaaaac 960
acccttgttt ctact 975
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<210> SEQ ID NO 7
<211> LENGTH: 864
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 7
agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaagc tttcaggtat 60
ttgcecctect gtgggtgetg ctgetgtggg tgcccegcag ccacggcaac tgggtgaacyg 120
tgatcagcga cctgaagaag atcgaggacc tgatccagag catgcacatc gacgccaccce 180
tgtacaccga gagcgacgtg caccccagct gcaaggtgac cgccatgaag tgctttetge 240
tggaactgca ggtgatcagc ctggaaagcg gcgacgccag catccacgac accgtggaga 300
acctgatcat cctggccaac aacagcctga gcagcaacgg caacgtgacc gagagcggct 360
gcaaagagtg cgaggaactg gaagagaaga acatcaaaga gtttctgcag agcttegtge 420
acatcgtgca gatgttcatc aacaccagct gatgaccaag cagaaagtgg tactaacctt 480
cttctettte ttectectgac aggacatact gctgaggatg tcaaaaatgc agttggagtce 540
ctcatcgggg gacttgaatg gaatgataac acagttcgag tctctgaaac tctacagaga 600
ttcgecttgga gaagcagtaa tgagaatggg agacctccac tcactccaaa acagaaacga 660
gaaatggcgg gaacaattag gtcagaagtt tgaagaaata agatggttga ttgaagaagt 720
gagacacaaa ctgaagataa cagagaatag ttttgagcaa ataacattta tgcaagcctt 780
acatctattg cttgaagtgg agcaagagat aagaactttc tcgtttcagce ttatttaata 840
ataaaaaaca cccttgttte tact 864
<210> SEQ ID NO 8
<211> LENGTH: 903
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 8
agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaagc tttcaggtat 60
ttgcecctget gtgggtgctg ctectetggg tgcccagaag ccacggagcec cctgecagaa 120
gccccagece ctccacccag cectgggage acgtgaacgce catccaggaa gccaggegge 180
tgctgaacct gagccgggac acagccgccg agatgaacga gaccgtggag gtgatcageg 240
agatgttcga cctccaggaa cccacctgec tgcagacceg gctggaactyg tacaagcagg 300
gcctgcegggg cagectgace aagctgaagg gccccctgac catgatggec agccactaca 360
agcagcactg cccccccace cccgagacca gctgcegeccac ccagatcatc accttcegaga 420
gcttcaaaga gaacctgaag gacttcctge tggtgatcce cttcegactge tgggagecccg 480
tgcaggaatg atgaccaagc agaaagtggt actaaccttc ttctectttet tctectgaca 540
ggacatactg ctgaggatgt caaaaatgca gttggagtcc tcatcggggg acttgaatgg 600
aatgataaca cagttcgagt ctctgaaact ctacagagat tcgcttggag aagcagtaat 660
gagaatggga gacctccact cactccaaaa cagaaacgag aaatggcggg aacaattagg 720
tcagaagttt gaagaaataa gatggttgat tgaagaagtg agacacaaac tgaagataac 780
agagaatagt tttgagcaaa taacatttat gcaagcctta catctattgc ttgaagtgga 840
gcaagagata agaactttct cgtttcagct tatttaataa taaaaaacac ccttgtttcet 900
act 903
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<210> SEQ ID NO 9
<211> LENGTH: 732
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 9
agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaagc tttcaggtat 60
ttgcecctget gtgggtgetg ctectetggg tgcccagaag ccacggagcec cccectggecyg 120
ccgatacccc caccgectge tgcttcaget acaccagecg gcagatcccce cagaacttca 180
tcegcecgacta cttcgagacce agcagccagt gcagcaagec cagcgtgatc ttcoctgacca 240
agcggggcag gcaggtctge gccgacccca gcgaggaatg ggtgcagaaa tacgtgageg 300
acctggaact gagcgcctga tgaccaagca gaaagtggta ctaaccttcet tctetttett 360
ctcctgacag gacatactgce tgaggatgtc aaaaatgcag ttggagtcct catcggggga 420
cttgaatgga atgataacac agttcgagtc tctgaaactc tacagagatt cgcttggaga 480
agcagtaatg agaatgggag acctccactc actccaaaac agaaacgaga aatggcggga 540
acaattaggt cagaagtttg aagaaataag atggttgatt gaagaagtga gacacaaact 600
gaagataaca gagaatagtt ttgagcaaat aacatttatg caagccttac atctattget 660
tgaagtggag caagagataa gaactttctc gtttcagctt atttaataat aaaaaacacc 720
cttgtttcta ct 732
<210> SEQ ID NO 10
<211> LENGTH: 732
<212> TYPE: DNA
<213> ORGANISM: human
<400> SEQUENCE: 10
agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaagc tttcaggtat 60
ttgcecctget gtgggtgetg ctectetggg tccccagaag ccacggegcec agcaacttceg 120
actgctgect gggctacacce gaccggatcc tgcaccctaa gttcategtg ggcttcacca 180
ggcagctgge caacgagggc tgcgacatca acgccatcat cttccacacc aagaaaaagc 240
tgtcegtgtg cgccaaccce aagcagacct gggtgaagta catcgtgcegg ctgctgtcca 300
agaaagtgaa gaacatgtga tgaccaagca gaaagtggta ctaaccttct tctetttett 360
ctcctgacag gacatactgce tgaggatgtc aaaaatgcag ttggagtcct catcggggga 420
cttgaatgga atgataacac agttcgagtc tctgaaactc tacagagatt cgcttggaga 480
agcagtaatg agaatgggag acctccactc actccaaaac agaaacgaga aatggcggga 540
acaattaggt cagaagtttg aagaaataag atggttgatt gaagaagtga gacacaaact 600
gaagataaca gagaatagtt ttgagcaaat aacatttatg caagccttac atctattget 660
tgaagtggag caagagataa gaactttctc gtttcagctt atttaataat aaaaaacacc 720
cttgtttcta ct 732

<210> SEQ ID NO 11
<211> LENGTH: 21

<212> TYPE:

PRT

<213> ORGANISM: mouse

<400> SEQUENCE: 11

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro

1

5

10

15
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Gly Ser Thr Gly Asp
20

<210> SEQ ID NO 12

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 12

Glu Met Gln Arg Lys Ala Pro Pro Arg Arg Arg Arg His Arg Asn Arg
1 5 10 15

Ala

<210> SEQ ID NO 13

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 13

Arg Met Lys Leu Pro Ser Thr Lys Lys Ala Glu Pro Pro Thr Trp Ala
1 5 10 15

Gln

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 14

Thr Lys Lys Ala Glu Pro Pro Thr Trp Ala Gln Leu Lys Lys Leu Thr
1 5 10 15

Gln

<210> SEQ ID NO 15

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 15

Met Pro Ala Gly Ala Ala Ala Ala Asn Tyr Thr Tyr Trp Ala Tyr Val
1 5 10 15

Pro

<210> SEQ ID NO 16

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 16

Pro Ile Asp Asp Arg Cys Pro Ala Lys Pro Glu Glu Glu Gly Met Met
1 5 10 15

Ile

<210> SEQ ID NO 17

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 17

Tyr Pro Pro Ile Cys Leu Gly Arg Ala Pro Gly Cys Leu Met Pro Ala
1 5 10 15
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36

<210> SEQ ID NO 18

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 18

Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys
1 5 10 15

Glu

<210> SEQ ID NO 19

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 19

Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser
1 5 10 15

Lys

<210> SEQ ID NO 20

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 20

Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn Thr Glu
1 5 10 15

Val

<210> SEQ ID NO 21

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 21

Gly Thr Ile Ile Asp Trp Ala Pro Arg Gly Gln Phe Tyr His Asn Cys
1 5 10 15

Ser

<210> SEQ ID NO 22

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 22

Arg Gly Gln Phe Tyr His Asn Cys Ser Gly Gln Thr Gln Ser Cys Pro
1 5 10 15

Ser

<210> SEQ ID NO 23

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 23

Asp Leu Thr Glu Ser Leu Asp Lys His Lys His Lys Lys Leu Gln Ser
1 5 10 15

Phe
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<210> SEQ ID NO 24

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 24

Pro Trp Gly Trp Gly Glu Lys Gly Ile Ser Thr Pro Arg Pro Lys Ile
1 5 10 15

Val

<210> SEQ ID NO 25

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 25

Pro Lys Ile Val Ser Pro Val Ser Gly Pro Glu His Pro Glu Leu Trp
1 5 10 15

Arg

<210> SEQ ID NO 26

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 26

Pro Arg Val Asn Tyr Leu Gln Asp Phe Ser Gln Arg Ser Leu Lys Phe

1 5 10 15

<210> SEQ ID NO 27

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 27

Arg Val Asn Tyr Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe
1 5 10 15

Arg

<210> SEQ ID NO 28

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 28

Val Asn Tyr Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg
1 5 10 15

Pro

<210> SEQ ID NO 29

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 29

Val Asn Tyr Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg
1 5 10 15

Ser Pro

<210> SEQ ID NO 30
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40

<211> LENGTH: 17
<212> TYPE: PRT
<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 30

Asn Tyr Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro
1 5 10 15

Lys

<210> SEQ ID NO 31

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 31

Tyr Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys
1 5 10 15

Gly Lys

<210> SEQ ID NO 32

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 32

Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly
1 5 10 15

Lys

<210> SEQ ID NO 33

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 33

Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys
1 5 10 15

Pro

<210> SEQ ID NO 34

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 34

Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro
1 5 10 15

Cys

<210> SEQ ID NO 35

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 35

Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys
1 5 10 15

Pro

<210> SEQ ID NO 36
<211> LENGTH: 17



US 9,187,732 B2
41

-continued

<212> TYPE: PRT
<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 36

Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro
1 5 10 15

Lys

<210> SEQ ID NO 37

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 37

Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys
1 5 10 15

Glu

<210> SEQ ID NO 38

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 38

Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu
1 5 10 15

Ile

<210> SEQ ID NO 39

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 39

Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile
1 5 10 15

Pro

<210> SEQ ID NO 40

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 40

Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro
1 5 10 15

Lys

<210> SEQ ID NO 41

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 41

Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys
1 5 10 15

Glu
<210> SEQ ID NO 42

<211> LENGTH: 17
<212> TYPE: PRT
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44

<213> ORGANISM: Human endogenous retrovirus
<400> SEQUENCE: 42

Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu
1 5 10 15

Ser

<210> SEQ ID NO 43

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 43

Phe Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser
1 5 10 15

Lys

<210> SEQ ID NO 44

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 44

Arg Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys
1 5 10 15

Asn

<210> SEQ ID NO 45

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 45

Pro Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn
1 5 10 15

Thr

<210> SEQ ID NO 46

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 46

Lys Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn Thr
1 5 10 15

Glu

<210> SEQ ID NO 47

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 47

Gly Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn Thr Glu
1 5 10 15

Val

<210> SEQ ID NO 48

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus
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46

<400> SEQUENCE: 48

Lys Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn Thr Glu Val
1 5 10 15

Leu

<210> SEQ ID NO 49

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 49

Pro Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn Thr Glu Val Leu
1 5 10 15

Val

<210> SEQ ID NO 50

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 50

Cys Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn Thr Glu Val Leu Val
1 5 10 15

Trp

<210> SEQ ID NO 51

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 51

Pro Lys Glu Ile Pro Lys Glu Ser Lys Asn Thr Glu Val Leu Val Trp
1 5 10 15

Glu

<210> SEQ ID NO 52

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Human endogenous retrovirus

<400> SEQUENCE: 52

Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly Lys Pro Cys Pro
1 5 10 15

Lys Glu Ile Pro
20

<210> SEQ ID NO 53

<211> LENGTH: 5

<212> TYPE: RNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Stop-start cassette

<400> SEQUENCE: 53

uaaug

<210> SEQ ID NO 54

<211> LENGTH: 10

<212> TYPE: RNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Kozak Sequence
<400> SEQUENCE: 54
ccrgccaugg 10
<210> SEQ ID NO 55
<211> LENGTH: 11
<212> TYPE: DNA
<213> ORGANISM: Influenza A virus
<400> SEQUENCE: 55
caggtagatt g 11

<210> SEQ ID NO 56

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: US snRNA complementary strand

<400> SEQUENCE: 56

caggtaagta t 11

<210> SEQ ID NO 57

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: lariat consensus sequence

<400> SEQUENCE: 57

tactaacctt cttctcttte ttctectgac ag 32

<210> SEQ ID NO 58
<211> LENGTH: 14
<212> TYPE: PRT

<213> ORGANISM: mouse

<400> SEQUENCE: 58

Leu Leu Trp Val Leu Leu Leu Trp Val Pro Gly Ser Thr Gly
1 5 10

<210> SEQ ID NO 59

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 59

Met Asp Pro Asn Thr Val Ser Ser Phe Gln Val Ser Ile Phe Leu Trp
1 5 10 15

Arg Val Arg Lys Arg
20

<210> SEQ ID NO 60
<211> LENGTH: 160
<212> TYPE: PRT

<213> ORGANISM: human

<400> SEQUENCE: 60

Met Asp Pro Asn Thr Val Ser Ser Phe Gln Val Ser Leu Leu Leu Trp
1 5 10 15

Val Leu Leu Leu Trp Val Pro Gly Ser Thr Gly Ala Pro Thr Ser Ser
20 25 30
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50

Ser

Gln

Arg

65

Lys

Leu

Ile

Thr

Leu
145

<210>
<211>
<212>
<213>

<400>

Thr

Met

50

Met

His

Asn

Ser

Phe

130

Asn

Lys

35

Ile

Leu

Leu

Leu

Asn

115

Met

Arg

Lys

Leu

Thr

Gln

Ala

100

Ile

Cys

Trp

PRT

SEQUENCE :

21

Thr

Asn

Phe

Cys

85

Gln

Asn

Glu

Ile

SEQ ID NO 61
LENGTH:
TYPE :
ORGANISM:

Gln

Gly

Lys

70

Leu

Ser

Val

Tyr

Thr
150

Leu

Ile

55

Phe

Glu

Lys

Ile

Ala

135

Phe

Influenza A

61

Met Asp Pro Asn Thr Val Ser

1

5

Arg Val Arg Lys Arg

<210>
<211>
<212>
<213>
<220>
<223>

20

PRT

<400> SEQUENCE:

Met

1

Val

Ser

Gln

Arg

65

Lys

Leu

Ile

Thr

Leu
145

Asp

Leu

Thr

Met

50

Met

His

Asn

Ser

Phe

130

Asn

Pro

Leu

Lys

35

Ile

Leu

Leu

Leu

Asn

115

Met

Arg

Asn

Leu

20

Lys

Leu

Thr

Gln

Ala

100

Ile

Cys

Trp

SEQ ID NO 62
LENGTH:
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION: NS1-IgKappa-IL2 construct

160

62

Thr

5

Trp

Thr

Asn

Phe

Cys

85

Gln

Asn

Glu

Ile

Val

Val

Gln

Gly

Lys

70

Leu

Ser

Val

Tyr

Thr
150

Ser

Pro

Leu

Ile

Phe

Glu

Lys

Ile

Ala

135

Phe

Gln

40

Asn

Tyr

Glu

Asn

Val

120

Asp

Cys

Leu

Asn

Met

Glu

Phe

105

Leu

Glu

Gln

virus

Glu

Tyr

Pro

Leu

90

His

Glu

Thr

Ser

His Leu
Lys Asn
60

Lys Lys
75

Lys Pro

Leu Arg

Leu Lys

Ala Thr

140

Ile Ile
155

Leu Leu Asp

45

Pro

Ala

Leu

Pro

Gly

125

Ile

Ser

Lys

Thr

Glu

Arg

110

Ser

Val

Thr

Leu

Glu

Glu

95

Asp

Glu

Glu

Leu

Leu

Thr

Leu

80

Val

Leu

Thr

Phe

Thr
160

Ser Phe Gln Val Asp Cys Phe Leu Trp

Ser

Gly

Gln

40

Asn

Tyr

Glu

Asn

Val
120

Asp

Cys

Phe

Ser

25

Leu

Asn

Met

Glu

Phe

105

Leu

Glu

Gln

10

Gln

10

Thr

Glu

Tyr

Pro

Leu

90

His

Glu

Thr

Ser

Val Phe

Gly Ala

His Leu

Lys Asn
60

Lys Lys
75

Lys Pro

Leu Arg

Leu Lys

Ala Thr

140

Ile Ile
155

Ala

Pro

Leu

45

Pro

Ala

Leu

Pro

Gly
125

Ile

Ser

Leu

Thr

30

Leu

Lys

Thr

Glu

Arg

110

Ser

Val

Thr

15

Leu

15

Ser

Asp

Leu

Glu

Glu

95

Asp

Glu

Glu

Leu

Trp

Ser

Leu

Thr

Leu

80

Val

Leu

Thr

Phe

Thr
160
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52

<210> SEQ ID NO 63

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Kozak Sequence

<400> SEQUENCE: 63

taagccgeca ccatg

<210> SEQ ID NO 64

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: NS1-GMCSF-IgKappa construct

<400> SEQUENCE: 64

Met

1

Val

Pro

Ala

Glu

65

Cys

Leu

Gln

Thr

Pro
145

Asp Pro Asn Thr Val Ser Ser Phe Gln Val Phe Ala Leu Leu Trp
Leu Leu Leu Trp Val Pro Arg Ser His Gly Ala Pro Ala Arg Ser
20 25 30

Ser Pro Ser Thr Gln Pro Trp Glu His Val Asn Ala Ile Gln Glu
35 40 45

Arg Arg Leu Leu Asn Leu Ser Arg Asp Thr Ala Ala Glu Met Asn
50 55 60

Thr Val Glu Val Ile Ser Glu Met Phe Asp Leu Gln Glu Pro Thr
70 75 80

Leu Gln Thr Arg Leu Glu Leu Tyr Lys Gln Gly Leu Arg Gly Ser
Thr Lys Leu Lys Gly Pro Leu Thr Met Met Ala Ser His Tyr Lys
100 105 110

His Cys Pro Pro Thr Pro Glu Thr Ser Cys Ala Thr Gln Ile Ile
115 120 125

Phe Glu Ser Phe Lys Glu Asn Leu Lys Asp Phe Leu Leu Val Ile
130 135 140

Phe Asp Cys Trp Glu Pro Val Gln Glu
150

<210> SEQ ID NO 65

<211> LENGTH: 97

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCL-3 NSl1-IgKappa construct

<400> SEQUENCE: 65

Met
1

Val

Asp

Gln

Pro

65

Pro

Asp Pro Asn Thr Val Ser Ser Phe Gln Val Phe Ala Leu Leu Trp

Leu Leu Leu Trp Val Pro Arg Ser His Gly Ala Pro Leu Ala Ala
20 25 30

Thr Pro Thr Ala Cys Cys Phe Ser Tyr Thr Ser Arg Gln Ile Pro
35 40 45

Asn Phe Ile Ala Asp Tyr Phe Glu Thr Ser Ser Gln Cys Ser Lys
50 55 60

Ser Val Ile Phe Leu Thr Lys Arg Gly Arg Gln Val Cys Ala Asp
70 75 80

Ser Glu Glu Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Ser
85 90 95

15
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54

Ala

<210> SEQ ID NO 66

<211> LENGTH: 97

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: CCL-20-NSlIgKappa construct

<400> SEQUENCE: 66

Met Asp Pro Asn Thr Val Ser Ser Phe Gln Val Phe Ala Leu Leu Trp

1

Val

Cys

Gly

Ile

Thr

Leu Leu Leu Trp Val Pro Arg Ser His Gly Ala Ser Asn Phe Asp
20 25 30

Cys Leu Gly Tyr Thr Asp Arg Ile Leu His Pro Lys Phe Ile Val
35 40 45

Phe Thr Arg Gln Leu Ala Asn Glu Gly Cys Asp Ile Asn Ala Ile
50 55 60

Phe His Thr Lys Lys Lys Leu Ser Val Cys Ala Asn Pro Lys Gln
70 75 80

Trp Val Lys Tyr Ile Val Arg Leu Leu Ser Lys Lys Val Lys Asn
85 90 95

<210> SEQ ID NO 67

<211> LENGTH: 807

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 67

agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaage tttcaggtat

ttgccectget ctgggtgetyg ctgetgtggg tgecceggte ccacggcatyg accgagcage

agtggaactt cgccggeate gaggccgecg ctagegecat ccagggcaac gtgaccagca

tccacagect gectggacgag ggcaagcaga gectgaccaa getggeaget gectggggeg

getetggeag cgaggcectac cagggegtge agcagaagtg ggacgcecacce gocaccgage

tgaacaacgce cctgcagaac ctggcccgga ccatcagega ggceggacag gcecatggeca

gcaccgaggg caatgtgaca ggcatgtteg cctgatgacce aagcagaaag tggtactaac

cttettetet ttettetect gacaggacat actgetgagg atgtcaaaaa tgcagttgga

gtcctecateg ggggacttga atggaatgat aacacagtte gagtctcectga aactctacag

agattcgett ggagaagcag taatgagaat gggagacctce cactcactce aaaacagaaa

cgagaaatgg cgggaacaat taggtcagaa gtttgaagaa ataagatggt tgattgaaga

agtgagacac aaactgaaga taacagagaa tagttttgag caaataacat ttatgcaagc

cttacatcta ttgcttgaag tggagcaaga gataagaact ttctegttte agettattta

ataataaaaa acacccttgt ttctact

<210> SEQ ID NO 68

<211> LENGTH: 765

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 68

agcaaaagca gggtgacaaa gacataatgg atccaaacac tgtgtcaage tttcaggtat

ttgccatgac cgagcagcag tggaactteg ccggeatcga ggcegeagece agegcecatcece

60

120

180

240

300

360

420

480

540

600

660

720

780

807

60

120
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-continued
agggcaacgt gaccagcatc cacagcctge tggacgaggg caagcagagce ctgaccaagce 180
tggcegecage ctggggegge tctggcageg aggectacca gggegtgcayg cagaagtggg 240
acgccaccge caccgagetg aacaacgecce tgcagaacct ggeccggacce atcagcgagg 300
ccggacagge catggecage accgagggcea atgtgacagg catgttcegece tgatgaccaa 360
gcagaaagtyg gtactaacct tcttetettt cttcetectga caggacatac tgctgaggat 420
gtcaaaaatyg cagttggagt cctcatcggg ggacttgaat ggaatgataa cacagttcga 480
gtectctgaaa ctctacagag attcgettgg agaagcagta atgagaatgg gagacctceca 540
ctcactccaa aacagaaacg agaaatggcg ggaacaatta ggtcagaagt ttgaagaaat 600
aagatggttg attgaagaag tgagacacaa actgaagata acagagaata gttttgagca 660
aataacattt atgcaagcct tacatctatt gettgaagtyg gagcaagaga taagaacttt 720
ctcgtttcag cttatttaat aataaaaaac acccttgttt ctact 765

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 69
H: 141
PRT

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 69

Met Asp Pro
1

Val Leu Leu
Ile Ser Asp
35

Asp Ala Thr
50

Thr Ala Met
65

Ser Gly Asp

Ala Asn Asn

Lys Glu Cys
115

Ser Phe Val
130

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Asn Thr Val Ser Ser

Leu Trp Val Pro Arg

20

Leu Lys Lys Ile Glu

40

Leu Tyr Thr Glu Ser

55

Lys Cys Phe Leu Leu

70

Ala Ser Ile His Asp

Ser Leu Ser Ser Asn

100

Glu Glu Leu Glu Glu

120

His Ile Val Gln Met

D NO 70
H: 122
PRT

135

Phe

Ser

25

Asp

Asp

Glu

Thr

Gly

105

Lys

Phe

Gln

10

His

Leu

Val

Leu

Val

Asn

Asn

Ile

Val

Gly

Ile

His

Gln

75

Glu

Val

Ile

Asn

ISM: Mycobacterium tuberculosis

<400> SEQUENCE: 70

Met Asp Pro
1

Val Leu Leu
Trp Asn Phe
35

Val Thr Ser
50

Asn Thr Val Ser Ser

5

Leu Trp Val Pro Arg

20

Ala Gly Ile Glu Ala

40

Ile His Ser Leu Leu

55

Phe

Ser

25

Ala

Asp

Gln

10

His

Ala

Glu

Val

Gly

Ser

Gly

IL-15 NS1 IgKappa construct

Phe Ala Leu

Asn Trp Val

Gln Ser Met
45

Pro Ser Cys
60

Val Ile Ser

Asn Leu Ile

Thr Glu Ser

110

Lys Glu Phe
125

Thr Ser
140

Phe Ala Leu
Met Thr Glu
30

Ala Ile Gln
45

Lys Gln Ser
60

Leu Trp

15

Asn Val

His Ile

Lys Val

Leu Glu

80

Ile Leu

Gly Cys

Leu Gln

Leu Trp
15
Gln Gln

Gly Asn

Leu Thr
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Lys Leu Ala Ala Ala Trp Gly Gly

65

Val Gln Gln Lys Trp Asp Ala Thr

85

Gln Asn Leu Ala Arg Thr Ile Ser

100

Thr Glu Gly Asn Val Thr Gly Met

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 71
LENGTH: 108
TYPE: PRT
ORGANISM:
FEATURE:
OTHER INFORMATION: Fusion
ESAT6

artificial

SEQUENCE: 71

Met Asp Pro Asn Thr Val Ser Ser

1

5

Gln Gln Trp Asn Phe Ala Gly Ile

20

Gly Asn Val Thr Ser Ile His Ser

35 40

Leu Thr Lys Leu Ala Ala Ala Trp

50

55

Gln Gly Val Gln Gln Lys Trp Asp

65

70

Ala Leu Gln Asn Leu Ala Arg Thr

85

Ala Ser Thr Glu Gly Asn Val Thr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100

SEQ ID NO 72
LENGTH: 17
TYPE: PRT
ORGANISM:
FEATURE:
OTHER INFORMATION:

artificial

SEQUENCE: 72

Ser Gly
Ala Thr
90

Glu Ala
105

Phe Ala

protein

Phe Gln
10

Glu Ala
25

Leu Leu

Gly Gly

Ala Thr

Ile Ser

90

Gly Met
105

Ser
75
Glu

Gly

NS1

Val

Ala

Asp

Ser

Ala

75

Glu

Phe

Glu Ala Tyr Gln Gly
Leu Asn Asn Ala Leu
95

Gln Ala Met Ala Ser
110

Mycobacterium tuberculosis

Phe Ala Met Thr Glu
15

Ala Ser Ala Ile Gln
30

Glu Gly Lys Gln Ser
45

Gly Ser Glu Ala Tyr
60

Thr Glu Leu Asn Asn
80

Ala Gly Gln Ala Met
95

Ala

synthetic signal peptide

Trp Val Leu Phe Ile Leu Leu Leu Phe Leu Phe Leu Pro Arg Ser His

1

Gly

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 73
LENGTH: 163
TYPE: PRT
ORGANISM:
FEATURE:

artificial

10

15

OTHER INFORMATION: delNS1-IL2-21 segment

SEQUENCE: 73

Met Asp Pro Asn Thr Val Ser Ser Phe Gln Val Phe Ala Trp Val Leu

1

5

10

15

Phe Ile Leu Leu Leu Phe Leu Phe Leu Pro Arg Ser His Gly Ala Pro

20

25

30

Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gln Leu Glu His Leu Leu

35 40

45
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60

Leu

Lys

65

Thr

Glu

Arg

Ser

145

Thr

Asp

Leu

Glu

Glu

Asp

Glu

130

Glu

Leu

Leu

Thr

Leu

Val

Leu

115

Thr

Phe

Thr

Gln

Arg

Lys

Leu

100

Ile

Thr

Leu

Met Ile

Met Leu
70

His Leu

85

Asn Leu

Ser Asn

Phe Met

Asn Arg
150

<210> SEQ ID NO 74

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ala Gly Ala Ala

18

human

74

Leu

55

Thr

Gln

Ala

Ile

Cys

135

Trp

Asn

Phe

Cys

Gln

Asn

120

Glu

Ile

Gly

Lys

Leu

Ser

105

Val

Tyr

Thr

Ile

Phe

Glu

90

Lys

Ile

Ala

Phe

Asn

Tyr

75

Glu

Asn

Val

Asp

Cys
155

Asn

60

Met

Glu

Phe

Leu

Glu

140

Gln

Tyr

Pro

Leu

His

Glu

125

Thr

Ser

Lys

Lys

Lys

Leu

110

Leu

Ala

Ile

Asn

Lys

Pro

95

Arg

Lys

Thr

Ile

Pro

Ala

80

Leu

Pro

Gly

Ile

Ser
160

Leu Leu Ala Leu Leu Ala Ala Leu Leu Pro Ala Ser

1 5

Arg Ala

<210> SEQ ID NO 75
<211> LENGTH: 24
<212> TYPE: PRT

<213> ORGANISM: human
<400> SEQUENCE: 75

10

15

Met Arg Pro Ser Gly Thr Ala Gly Ala Ala Leu Leu Ala Leu Leu Ala

1

5

Ala Leu Cys Pro Ala Ser Arg Ala

<210>
<211>
<212>
<213>
<220>
<223>

20

PRT

FEATURE:
OTHER INFORMATION: delNS1-IL2-24

<400> SEQUENCE:

Met

1

Ala

Pro

Leu

Pro

65

Ala

Leu

Asp

Leu

Thr

Leu

50

Lys

Thr

Glu

Pro

Leu

Ser

35

Asp

Leu

Glu

Glu

Asn

Ala

20

Ser

Leu

Thr

Leu

Val

SEQ ID NO 76
LENGTH:
TYPE :
ORGANISM:

164

artificial

76

Thr Val

Leu Leu

Ser Thr

Gln Met

Arg Met
70

Lys His
85

Leu Asn

Ser

Ala

Lys

Ile

55

Leu

Leu

Leu

Ser

Ala

Lys

40

Leu

Thr

Gln

Ala

Phe

Leu

25

Thr

Asn

Phe

Cys

Gln

10

Gln

10

Leu

Gln

Gly

Lys

Leu

90

Ser

Val

Pro

Leu

Ile

Phe

75

Glu

Lys

Phe

Ala

Gln

Asn

60

Tyr

Glu

Asn

Ala

Ser

Leu

45

Asn

Met

Glu

Phe

Ala

Arg

30

Glu

Tyr

Pro

Leu

His

15

Gly

15

Ala

His

Lys

Lys

Lys

95

Leu

Ala

Ala

Leu

Asn

Lys

80

Pro

Arg
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100 105 110
Pro Arg Asp Leu Ile Ser Asn Ile Asn Val Ile Val Leu Glu Leu Lys
115 120 125
Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala Asp Glu Thr Ala Thr
130 135 140
Ile Val Glu Phe Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile Ile
145 150 155 160
Ser Thr Leu Thr
<210> SEQ ID NO 77
<211> LENGTH: 1023
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: delta NS influenza B IL2 construct
<400> SEQUENCE: 77
agcagaagca gaggatttgt ttagtcactg gcaaacagga aaaaatggcyg aacaacatga 60
ccacaacaca aattgaggtg ggtccgggag caaccaatge caccataaac tttgaagcag 120
gaattctgga gtgctatgaa aggctttcat ggcaaagata atgtacagga tgcaactcct 180
gtettgcatt gcactaagte ttgcacttgt cacaaacagt gcacctactt cttegtcgac 240
aaagaaaaca cagctacaac tggagcattt actgctggat ttacagatga ttttgaatgg 300
aattaataat tacaagaatc ccaaactcac caggatgctce acatttaagt tttacatgce 360
caagaaggcce acagaactga aacatcttca gtgtctagaa gaagaactca aacctctgga 420
ggaagtgcta aatttagctc aaagcaaaaa ctttcactta agacccaggg acttaatcag 480
caatatcaac gtaatagttc tggaactaaa gggatctgaa acaacattca tgtgtgaata 540
tgctgatgag acagcaacca ttgtagaatt tctgaacaga tggattacct tttgtcaaag 600
catcatctca acactaactt gataatacta accttcttet ctttettete ctgacagtgg 660
aggatgaaga agatggccat cggatcctca actcactctt cgagegtcett aatgaaggac 720
attcaaagcce aattcgagca gctgaaactg cggtgggagt cttatcccaa tttggtcaag 780
agcaccgatt atcaccagaa gagggagaca attagactgg tcacggaaga actttatctt 840
ttaagtaaaa gaattgatga taacatatta ttccacaaaa cagtaatagc taacagctce 900
ataatagctg acatggttgt atcattatca ttattagaaa cattgtatga aatgaaggat 960
gtggttgaag tgtacagcag gcagtgcttg tgaatttaaa ataaaaatcc tcttgttact 1020
act 1023
<210> SEQ ID NO 78
<211> LENGTH: 930
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: delNS1-IL2-23 sequence
<400> SEQUENCE: 78
agcaaaagca gggtgacaaa aacataatgg atccaaacac tgtgtcaage tttcaggtat 60
ttgcctgggt gettttcata cttectgettt tectgttect teccaagatca catggtgcac 120
ctacttctte gtcgacaaag aaaacacagce tacaactgga gcatttactg ctggatttac 180
agatgatttt gaatggaatt aataattaca agaatcccaa actcaccagyg atgctcacat 240
ttaagtttta catgcccaag aaggccacag aactgaaaca tcttcagtgt ctagaagaag 300
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aactcaaacc tctggaggaa gtgctaaatt tagctcaaag caaaaacttt cacttaagac 360
ccagggactt aatcagcaat atcaacgtaa tagttctgga actaaaggga tctgaaacaa 420
cattcatgtg tgaatatgct gatgagacag caaccattgt agaatttctg aacagatgga 480
ttaccttttyg tcaaagcatc atctcaacac taacttgata accaagcaga aagtggtact 540
aaccttctte tetttettet cctgacagga catactgetyg aggatgtcaa aaatgcagtt 600
ggagtccteca tcgggggact tgaatggaat gataacacag ttcgagtctce tgaaactcta 660
cagagattcg cttggagaag cagtaatgag aatgggagac ctccactcac tccaaaacag 720
aaacgagaaa tggcgggaac aattaggtca gaagtttgaa gaaataagat ggttgattga 780
agaagtgaga cacaaactga agataacaga gaatagtttt gagcaaataa catttatgca 840
agccttacat ctattgettg aagtggagca agagataaga actttctegt ttcagettat 900
ttaataataa aaaacaccct tgtttctact 930
<210> SEQ ID NO 79
<211> LENGTH: 933
<212> TYPE: DNA
<213> ORGANISM: artificial
<220> FEATURE:
<223> OTHER INFORMATION: delNS1-IL2-24 sequence
<400> SEQUENCE: 79
agcaaaagca gggtgacaaa aacataatgg atccaaacac tgtgtcaage tttcaggtat 60
ttgcecgcagg agctgcactt ttggcactte ttgetgcact tcettectget tcaagagetg 120
cacctactte ttcgtcgaca aagaaaacac agctacaact ggagcattta ctgctggatt 180
tacagatgat tttgaatgga attaataatt acaagaatcc caaactcacc aggatgctca 240
catttaagtt ttacatgccc aagaaggcca cagaactgaa acatcttcag tgtctagaag 300
aagaactcaa acctctggag gaagtgctaa atttagctca aagcaaaaac tttcacttaa 360
gacccaggga cttaatcagce aatatcaacg taatagttct ggaactaaag ggatctgaaa 420
caacattcat gtgtgaatat gctgatgaga cagcaaccat tgtagaattt ctgaacagat 480
ggattacctt ttgtcaaagc atcatctcaa cactaacttg ataaccaagc agaaagtggt 540
actaacctte ttctetttet tctcectgaca ggacatactyg ctgaggatgt caaaaatgca 600
gttggagtce tcatcggggg acttgaatgg aatgataaca cagttcgagt ctctgaaact 660
ctacagagat tcgcttggag aagcagtaat gagaatggga gacctccact cactccaaaa 720
cagaaacgag aaatggcggg aacaattagg tcagaagttt gaagaaataa gatggttgat 780
tgaagaagtg agacacaaac tgaagataac agagaatagt tttgagcaaa taacatttat 840
gcaagcctta catctattge ttgaagtgga gcaagagata agaactttcet cgtttcaget 900
tatttaataa taaaaaacac ccttgtttct act 933

<210> SEQ ID NO 80
<211> LENGTH: 230
<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 80

Met Asp Pro Asn Thr Val Ser Ser Phe Gln Val Asp Cys Phe

1 5

His Val Arg Lys Arg Val Ala Asp Gln Glu Leu Gly Asp Ala
25

20

10

30

Leu Trp
15

Pro Phe

Leu Asp Arg Leu Arg Arg Asp Gln Lys Ser Leu Arg Gly Arg Gly Ser
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-continued

66

Thr

65

Met

Glu

Gly

Ile

Ile

145

Ser

Ala

Arg

Asn

Thr
225

35 40 45

Leu Gly Leu Asp Ile Glu Thr Ala Thr Arg Ala Gly
50 55 60

Glu Arg Ile Leu Lys Glu Glu Ser Asp Glu Ala Leu
70 75

Ala Ser Val Pro Ala Ser Arg Tyr Leu Thr Asp Met
85 90

Met Ser Arg Asp Trp Ser Met Leu Ile Pro Lys Gln
100 105

Pro Leu Cys Ile Arg Met Asp Gln Ala Ile Met Asp
115 120 125

Leu Lys Ala Asn Phe Ser Val Ile Phe Asp Arg Leu
130 135 140

Leu Leu Arg Ala Phe Thr Glu Glu Gly Ala Ile Val
150 155

Pro Leu Pro Ser Leu Pro Gly His Thr Ala Glu Asp
165 170

Val Gly Val Leu Ile Gly Gly Leu Glu Trp Asn Asp
180 185

Val Ser Glu Thr Leu Gln Arg Phe Ala Trp Arg Ser
195 200 205

Gly Arg Pro Pro Leu Thr Pro Lys Gln Lys Arg Glu
210 215 220

Ile Arg Ser Glu Val
230

<210> SEQ ID NO 81

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: stop/start codon

<400> SEQUENCE: 81

taatg

<210> SEQ ID NO 82

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial
<220> FEATURE:

<223>

<400> SEQUENCE: 82

Lys

Lys

Thr

Lys

110

Lys

Glu

Gly

Val

Asn

190

Ser

Met

Gln

Met

Leu

95

Val

Asn

Thr

Glu

Lys

175

Thr

Asn

Ala

OTHER INFORMATION: modified Ig Kappa signal sequence

Ile

Thr

80

Glu

Ala

Ile

Leu

Ile

160

Asn

Val

Glu

Gly

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro

1

Arg

5 10

Ser His Gly
20

15

What is claimed is:

1. A replication deficient influenza virus, characterized in
that the virus comprises:

a) a modified NS segment coding for a NS1 protein com-

prising at least one amino acid modification within posi-
tions 1 to 73 resulting in a complete lack of functional
RNA binding and at least one amino acid modification
between position 74 and the carboxy-terminal amino
acid residue resulting in a complete lack of effector
function, and

65

b) a heterologous sequence between a functional splice

donor site and a functional splice acceptor site inserted
in the NS gene segment,

wherein the virus comprises a sequence selected from the

group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:67, SEQ ID NO:68, SEQ ID
NO:78, and SEQ ID NO:79.



US 9,187,732 B2

67

2. A replication deficient influenza virus according to claim
1, further comprising a signal peptide or part thereof fused to
the C-terminus of NS1 protein.

3. A replication deficient influenza virus according to claim
1, wherein the virus further comprises a lariat consensus
sequence upstream of the splice acceptor site.

4. A replication deficient influenza virus according to claim
1, wherein the virus is formulated as a vaccine.

5. A vector comprising a nucleotide sequence coding for a
replication deficient influenza virus according to claim 1.

6. A replication deficient influenza virus according to claim
1, wherein the virus comprises SEQ ID NO:1.

7. A replication deficient influenza virus according to claim
1, wherein the virus comprises SEQ ID NO:2.

8. A replication deficient influenza virus according to claim
1, wherein the virus comprises SEQ ID NO:3.

9. A replication deficient influenza virus according to claim
1, wherein the virus comprises SEQ ID NO:4.

10. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:5.

10

15
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11. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:6.

12. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:7.

13. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:8.

14. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:9.

15. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:10.

16. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:67.

17. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:68.

18. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:78.

19. A replication deficient influenza virus according to
claim 1, wherein the virus comprises SEQ 1D NO:79.

#* #* #* #* #*



